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MAZING “AUTOMATED” DRILL-GRINDER TEAM 
DOES THE JOB 22 TIMES FASTER 


Machining mounting surfaces on the underside 
of huge tank hulls required ten separate hori- 
zontal boring mill setups. Handling, positioning 
and working on the heavy, unwieldy hulls 
created a serious bottleneck in production. 


Relying on Wean Equipment'’s reputation as a 
leading designer and builder of special ma- 
chinery for industry this concern gave Wean 
the green light. Wean Equipment engineers set 
to work and came up with the first completely 
automatic adaption of a bank of grinding heads 
to work on an angular surface. 


The machine grinds all surfaces simultaneously 
with unmatched precision, and completes its job 


22 times faster than the old method. According 
to company officials the machine paid for itself 
in short order by increasing production, elimi- 
nating reworking created by human error, and 
releasing boring mills to other production work. 
Result: A second machine to perform a difficult 
drilling operation on the same hull was ordered 
from Wean. These are typical examples of 
Wean Equipment's ability to develop and build 
practical automation equipment. 


If you have a production problem — why not 
call on Wean Equipment and get results. 


EQUIPMENT 
CORPORATION 


CLEVELAND, OHIO 





Grinding Main Journals on a Crankshaft is don 
quickly and without scrap with this Federal Air 
Electric Grinding Gage. The operator loads th 
machine, snaps the caliper on the work and sta 
the machine cycle. When the work is down to 
size, the wheel automatically backs up. The large 
Air Dial and the three signal lights provide visual 
checks on the progress of the grinding. With thi 
Machine Control Gage it is impossible to grind 
undersize scrap because the gage automaticall 
backs the wheel up when work is to size. 





This Federal unit, employing an Arnold continu- 
ous caliper type grinding gage, automatically con- 
trols the size of the journal surfaces of 1100 Ib. 
freight car axles, The gage, ordinarily retracted to 
provide loading clearance, automatically springs 
onto the work and takes control of the grinding 
process at the start of the grinding cycle. Signal 
lights tell the operator when work is ‘‘over size’’, 
“near size’’, or ‘‘to size’’ and are connected elec- 
tronically to the machine controls so the grinding 
cycle is automatically stopped when the required 
size is obtained. Tolerances are consistently main- 
tained well within the plus 0.0005”, minus 
0.0000” specified. 


Grinding Spacer 

Plates on this par- 

allel disc grinder 

is an automatic 

Operation with 

Federal Machine Control. Workpieces are loaded 
in the slotted carrier wheel and the gage controls 
the feed of the wheels to compensate for wheel 
wear. Corrections are made alternately to each 
wheel-head to maintain the centering of the car- 
rier wheel. Automatic controls assure continuous 
production of good pieces, eliminating scrap. 





FEDERAL peer 
MACHINE CONTROL GAGES 
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AUTOMATION is a new term applied to an idea that 
general machinery manufacturers have been doing ever 
since Eli Whitney invented his Cotton Gin. But, con- 
trolling Machine Tools automatically so that they 
produce work to required sizes is comparatively new. 

Federal, however, has been designing and building 
Gages for this purpose for several years. We offer this 
tried and proven experience to all builders and users 
of machinery where Automatic Dimensional Control of 
Machine Tools is desired. We can handle all phases of 
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SOME OF MANY 
POSSIBILITIES 


Percentage reject control. A 
simulation of automatic 
statistical Q.C. 


Automatic shut-off when di- 
mension out-of-control. 


Automatic tool adjustment 
or compensation. 


the work; from work-handling through gaging, machine 
control and disposal. 

Federal is ready to provide standardized package 
units for air, electrical, electronic or combination con- 
trols and will cooperate with your engineers to adapt 
these to your machine requirements. Call — 


Tool Adjustment Signalling. 


Automatic classification ac- 
cording to dimension. 


Automatic line operation 
signals, etc., etc. 


FEDERAL PRODUCTS CORPORATION 


43911 EDDY STREET *© PROVIDENCE 1, RHODE ISLAND 


Ad FEDERAL 


FOR ANYTHING IN MODERN GAGES... 





How WESTINGHOUSE 
saves ® 57,000 yearly 
at its Trafford, Pa. Foundry 


Wj This plant formerly loaded and unloaded bagged 
material, handled barrels and stored patterns by man- 
ual methods. Today fork trucks have mechanized all 
these operations. Result: an annual saving of $37,000. 


In the warehouse, for example, the fork trucks now 
stack materials on pallets—right up to the rafters. 
Indirect benefits: space saving, fewer accidents, less 
material damage. Direct benefits: substantial savings 
in labor costs. 


Fork-truck handling and tiering of patterns elimi- 
nated back-breaking work, increased storage capacity 
500% and made additional labor savings. 


Unloading bagged material (wood flour, sea coal, 
mogal, pich, ete.) and fire brick (formerly man- 
handled one at a time) is now done in palletized 
unit loads — another big cost saver. And still more 
money is saved by handling barrels with a Baker 
4-Purpose Carriage truck and drum shoes. 


Write for 6-page special report on the application 
of Baker attachments to various loads. The Baker- 


Raulang Co., 1202 W. 80th Street, Cleveland 2, Ohio. 


Baker 
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TOMATIC OPERATION 


No Robots Here, 17 


EDITORIAL—adherence to fact and eliminating the sensational 
finds automation an engineering development. 


Design For Manufacture, 18 
ROGER W. BOLZ—design for mass interchangeable manufacture 
is stepping stone to design for automation. 


High Speed Printing, 22 
NEW DEVELOPMENT—output device for electronic computer 
forms letters by moving wires in matrix. 


Applying Bottle Seals, 23 
AUTOMATION TODAY—machine for packaging line applies cellu- 
lose seal around neck of bottle. 


Pneumatic Time Delay, 28 
ELECTRICAL CONTROL—device operates auxiliary protective cir- 
cuit after main operating cycle has stopped. 


Latex To Foam Rubber, 31 
LEONARD J. BISHOP—raw material to finished products in a plant 
designed for automatic production. 


Continuous Weighing Of Solids, 39 
ROBERT H. BERG—measurements on belt conveyors or in bins 
and hoppers provide quantitative control. 


Pneumatic Control For Paint Spraying, 44 
DONALD J. PEEPS—readily available compressed air utilized to 
signal guns in material conserving system. 


Industrial Process Stream Analysis, 46 
MASS SPECTROV®:TER— instrument monitors chemical composition 
of product without laboratory testing. 


Engineering Automatic Systems, 47 
PHILIP R.’ MARVIN—management study of programming and 
planning required to get results with automation. 


Hydraulic And Pneumatic Servos, 49 
R. HADEKEL—part two—develops methods of improving servo 
performance to achieve desired characteristics. 


Automatic Control Terminology, 59 
CHARACTERISTICS OF AUTOMATIC CONTROL—-standard process con- 
trol terms defined and illustrated. 


Electronic Servo Positioning, 61 
WALTON RAINEY—system for indexing machine tool element 
provides accuracy and saves operator time. 





AUTOMATION 
OUTLOOK 


NO SIMPLE SOLUTION 


eo - a machine built for manufacturing foam rubber mattresses starts 
with liquid latex, performs each operation successively and automatically 
with only 24 operators. It runs 24 hours a day and six days a week, re- 
quiring almost no service. However, you don’t build a machine like this 
overnight. You need a lot of experience, and you have to be sure you 
build quality into it. Otherwise the customer will lose in maintenance 
costs what he gains in efficiency. . ."—L. J. Bishop, Mechanical Handling 
Systems, Inc. See page 31. 


DODGING THE ROCKS 

“. . . the hand operator has advantages over the mechanical controller. 
He can think, judge, anticipate. There is advantage in being able to 
act with reason. Control instruments on the other hand, have the ad- 
vantages of stability, reliability and speed. An automatic pilot keeps a 
boat on course more accurately than the best helmsman, but it will not 
dodge around a rock. A modern controller, pneumatic or electric, will 
hold a process much closer to a control point than any operator, but if 
an upset is serious enough we go back to hand control. . .”—R. A. Bristol, 
treasurer, Foxboro Co. 


COMPROMISE, THE ANSWER 

* . it is usually better to settle for something less than a 100 per cent 
automatic process rather than overcomplicate a system or delay its de- 
velopment in an attempt to handle all conceivable operations.. Initially, 
many equipment designs may not be readily adaptable to a completely 
automatic process . . ."——Ben Warriner, advanced electronics center, Gen- 
eral Electric Co. 


SOME DESIRABLE RESULTS 

“... 1 am not one who believes that one day everything will be pro- 
duced in an automatic factory without any labor force. Automation must 
either make possible some desirable result that could not be accomplished 
in any other way or it must accomplish its task at a net saving in cost. 
There will always be many places where highly automatic processes will 
never make engineering or economic sense . . .”—Henry F. Dever, presi- 
dent, Brown Instruments Div., Minneapolis-Honeywell Regulator Co. 


NO “THINKING” HERE 


e - among the most important features of a properly planned and 
efficiently operated automatic factory are not only such benefits as lower 
costs and higher production rates but far greater stability in product 
quality and increased flexibility. You will note I said properly planned 
and operated, since an automatic factory is only as good as the human 
brains which conceived it and run it. No electronic brain, no matter 
how marvelously intricate and precise, can think; it can do only what 
a human brain wants it to do. The automatic factory, therefore, will not be 
a panacea for production ills, but will make even more effective an al- 
ready effective organization ...”—Don G. Mitchell, chairman of the 
board, Sylvania Electric Products Inc. 


POCKETBOOK IMPACT 

“|. . to grasp the impact of automatic controls upon our economy we 
must realize that with such control equipment, efficient and economic 
production would be impossible in many industries. To match today’s 
petroleum refining output using manually operated equipment, would re- 
quire four times as much crude oil and cost five times as much. . .”— 
W. A. Wildhack, chief instrument engineer, National Bureau of Stand- 
ards. 
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RUNOUT CONTROL 


Photoelectrically Controlled Punch Press 


Problem: To protect dies from damage caused when buckled 
or twisted stock feeds into a 120 stroke per minute, 35 ton 
punch press. 


Solution: At a critical point, a Photoswitch phototube and 
light source combination was mounted at opposite sides of 
the feed line. Light source is focused so that light is reflected 
onto phototube from the surface of properly aligned stock. 
If stock buckles, light beam is reflected away from phototube 
and control shuts down press instantly. A similar set is used 
to shut down press when stock runs out. 


Result: Die damage completely eliminated. Full-time press 
attendant released for more productive work. 


This Control design is typical of thousands of successful 

Photoswitch Systems for Automatic Electronic Control of 

Machinery and Processes. In Photoswitch’s wide variety of 

“ready-to-use” photoelectric controls, liquid level controls and 

electronic timers, you will find controls that meet your require- 

. . ments exactly. So . . . for the best solution to your control 

FREE —46 more ideas — Get this 76 problems, call on Photoswitch . . . first! . 

page book. Shows in detail how designers 
of machines for many different industries have 


. 
employed standard packaged electronic con- 
trols. Tells how they found new opportunities to 0 OSsWwi C 
reduce costs through simplification of design DIVISION 
——<—<$—————— 


. . . how they developed order-getting user ELECTRONICS CORPORATION OF AMERICA 


advantages. Gives you many idea-stimulating Dept. P21-11, 77 Broadway, Cambridge 42, Mass. 
application studies. Send FREE copy of “Cutting Production Costs with Electronic Controls” 


Name and Title 


SEND FOR YOUR COPY NOW > 


Company 
Address 
City 


THE DEVELOPMENT OF THE IMPACTER REPRESENTS 
A RADICALLY NEW CONCEPT OF THE FORGING 
PROCESS, WHICH, FOR THE FIRST TIME IN 
TIES D AR UCU ee bl ae 


IN THE FORGE SHOP 


OR the first time in industrial history the 
automatic mass production of die forgings 


‘is now possible. Embodying the basic operation 


common to the forge shop, the Cecomatic 


Process unites them into a continuous, self- 
regulating forging process free from manual 
skills. Material flows from operation to opera- 
tion and is converted from stock lengths to 
completed forging without being touched or 


handled by human hands. Yet, the process af- 


A 
IN THE PRODUCTION LINE -,.. 


POSSIBLE 


METALWORKING TOMORROW 


fords sufficient flexibility to permit a variety of 
similar forgings to be made in the same installa- 


tion with no extraordinary changes in tooling. 


Basic to the process is the Chambersburg 
IMPACTER, a radically new, revolutionary type 
of hammer. It uses the high-velocity impact of 
horizontally opposed rams to strike the forging 
stock simultaneously from both sides. Energy is 
almost completely absorbed in the forging and 
the impellers of the machine itself. There is no 
shock or vibration typical of conventional forg- 
ing equipment. No massive foundations are 
required. IMPACTERS capable of producing 
forgings weighing from a few ounces to those 


AoE ae tiers hundreds of pounds are available. 


The Cecomatic Process fits into your plans for 


tomorrow's automated production. 


< 


wera tite ENGINEERING COMPANY ¢ CHAMBERSBURG >. hth 
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BUILT AND APPLIED BY RELIANCE 


wc Tole of ation, 


INCREASE PROFITS IN EVERY INDUSTRY 


Materials in web form—paper, metal foils, synthetic sheets— On a high-speed newsprint machine, the Reliance V*S Drive 
become useful as they are impregnated, combined with each system provides unsurpassed accuracy and dependability, main- 
other, printed, and made into packages. Reliance V*S Drives taining precise speed relationships and correct draw adjustments 
power, synchronize and control all functions required for between all sections. 

automatic operation. 


Greater machinery output . . . improved produc- 
tion efficiency .. . both result in increased profits. 
And both result from using the Tools of Automa- 
tion: Reliance electric motors, adjustable-speed 
drives, electronic controls, and applied engineer- 
ing. They’re setting new standards for low cost 
production in every industry. 


These Tools of Automation can most efficiently 
lower your costs, because they’re cesigned and 
applied to your specific situation. Reliance Appli- 
cation Engineers are backed by nearly 50 years’ 
experience in perfecting the drive systems that 
can help you attain the degree of automatic pro- 
duction you require. For further information, 
write for the new booklet, “The Tools of Auto- 
mation”, A-1487-B 


RELIANCE incinctrine co 


Sales Representatives in Principal Cities a 1038 Ivanhoe Road, Cleveland 10, Ohio 
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events 


Today’s 


Automation Advocate Honored 


DURING the annual convention of 
the Pressed Metal Institute, D. 
S. Harder, vice president-manu- 
facturing, Ford Motor Co. be- 
came the first recipient of an an- 
nual Presteel Award — sponsored 
by the institute and Worcester 
Pressed Steel Co. 


Carter C. Higgins, president and 
general manager of Worcester 
Pressed Steel, explained it was giv- 
en Harder “for his contributions to 
enlarging the field of metal stamp- 
ing through automation, through 
encouraging employee-training to 
provide more men skilled in press- 
ing metal and through openly shar- 
ing his ideas with the industry.”’ 

The word “automation” used in 
the award presentation is one 
Harder is credited with originating 
while employed by General Motors 
Corp., to describe a system for the 


and developments of 


importance in the 


automatic handling of parts be- 
tween progressive production proc- 
esses. Since his early work with 
automated manufacturing this de- 
velopment has started what many 
call “the second industrial revolu- 
tion.” 

Automation’s first outstanding 
success occurred when it was ap- 
plied as a means of loading and 
unloading stamping presses in the 
Ford-Dearborn stamping plant, 
where “Iron Hands” and other me- 
chanical lifting and turn-over de- 
vices for steel sheets were installed. 
This and other early successes led 
Ford to design a complete plant 
around automation concept. This 
was the Buffalo Stamping Plant, 
which went into operation in Sep- 
tember, 1950, under Harder’s su- 
pervision. Other automated Ford 
facilities, especially its engine man- 
ufacturing operations in the Ford- 
Brookpark (Ohio) plant, have be- 


field of modern automation 


come symbols of automation to in- 
dustry and the public at large. 

The Presteel Award is presented 
on the basis of judging done by 
an awards committee including rep- 


VICE PRESIDENT manufacturing, D. S. 
Harder is the first recipient of an an- 
nual Presteel Award sponsored by the 
Pressed Metal Institute and Worcester 
Pressed Steel Co. Mr. Harder is the 
staff executive directing all Ford Motor 
Co. manufacturing and production. 


TYPICAL AUTOMATIC installation in a 
Ford Co. plant. Roof panel is removed 
completely from die and rests in a 
turnover cradle. Device in center rear 
is ready to remove next piece in cycle 
of operation. Completely inverted 
panel is also visible. 
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resentatives of: the Pressed Metal 
Institute; editors of leading busi- 
ness publications; a representative 
of the American Society of Tool 
Engineers; and a leading steel- 
producing company executive. Cri- 
teria considered by the committee 
include: notable advances in devel- 
oping and marketing products 
using stampings; contributions in 
original research, or cost saving, or 
technical improvements made avail- 
able to the industry; public educa- 
tion activities; company growth 
trends, when applicable; participa- 
tion in formal education, training 


New Data-Reduction System 


SIGNIFICANT ADDITION to naval 
efficiency is the ALWAC electronic 
digital computer (AUTOMATION 
— Aug. Issue) installed at U. S. 
Navy’s David Taylor Model Basin, 
Washington, D. C. Physical loca- 
tion of new unit is the Transonic 
Div. of Aerodynamics Laboratory 
where transonic wind tunnel test- 
ing of naval aircraft and guided 
missiles will be conducted under 
sponsorship of the Bureau of Aero- 
nautics. New assembly will serve 
as computer portion of a rapid 
data-reduction system which meas- 
ures, stores, plots and records pres- 
sures and forces of the model being 
tested. 

Complete installation includes a 
data reduction system consisting of 
potenti meters and devices for 
measuring, indicating, recording 
and punching in coded paper tape— 
strain gage, balance forces and mo- 
ments, and tunnel temperature. In 
addition, a film reading device is 
provided to read, record and punch 
on paper tape the fluid heights of 
photographed manometer data. 

System is tied together through 
common input-output medium on 
punched tape; Flexowriter is used 
for manual output-input. The Navy 
has also found it useful to add an 
oscilloscope for visual tracing of 
various register contents. 

Wind tunnel to be used is a 
single-return type with 7 by 10 foot 
throat. Powered with 27,600 hp, 
it is designed to operate at tran- 
sonic speeds. 

Machine features a large capa- 
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of new engineers, etc.; other ac- 
complishments stimulating wider 
use of stampings. 


Silicon Transistors 


SILICON, next to oxygen the 
earth’s most common element, long 
has been known to possess superior 
temperature stability and power 
handling characteristics. Until re- 
cently, difficulties of purifying, 
“growing” a single crystal, and 
fabricating silicon transistors have 
kept these units, laboratory de- 


vices, unproducible on a production- 
line basis. 

For several years, electronics 
firms have been manufacturing tiny 
transistors made from germanium, 
a rare and expensive but more easi- 
ly worked material. 

Manufacture of silicon transistors, 
produced by Texas Instruments 
Inc., put laboratory techniques on 
a production-line basis. Initially, 
the semiconductor material must 
be purified to less than one part 
impurity in one billion. Then a 
single large perfect crystal must 
be grown at high temperature in an 


ALWAC ELECTRONIC digital computer is constructed in Tinkertoy fashion for easy 
maintenance. At Logistics Research factory, girl is shown wiring up the logic chassis. 
Techncian at right tests for wiring errors with an oscilloscope. 


city rotating drum memory of 
2,048 words (main storage) which 


stores numbers and instructions 
used by the unit to perform its 
computations. Drum is composed 
of a cylinder rotating about its 
longitudinal axis, with a number 
of reading and writing heads 
mounted in near-contact with sur- 
face of cylinder. Given head serves 
both as a reading and writing de- 
vice. Basic “commands” are put 
into machine and answers are ob- 


tained from it on electric type- 
writers or paper tape. A total of 
ten typewriters can be attached to 
the unit at various remote loca- 
tions. 

Conversion from decimal to 
binary and binary to decimal is ac- 
complished automatically at ap- 
proximately same as maximum rate 
of electric typewriters, reading and 
writing speed of ten characters 
per second. Computer is installed 
in three cabinets. 














inert atmosphere with a “seed” 
crystal continually being rotated 
and “pulled” from the molten puri- 
fied semiconductor material. Elec- 
trical characteristics of crystal 
must be changed during growing 
so that single crystal will have por- 
tions with dissimilar current-car- 
rying characteristics. New silicon 
transistors are already in small but 
growing volume production. 


Automatic Hardness Tester 


QUALITY CONTROL testing of 
metals, both ferrous and nonfer- 
rous in hard or soft condition, can 
be accomplished automatically with 
the Rockwell hardness tester. De- 
veloped by Wilson Mechanical In- 
stitute Div., American Chain & 
Cable Co., the new tester operates 
on identical principle of hand-oper- 
ated unit, but is capable of per- 
forming between 1000 to 1200 tests 
per hour (manual average 200 to 
400). 

Pieces being tested are power fed 
into the tester and automatically 
placed in position beneath a dia- 
mond penetrator. Testing loads 
which force the diamond into ma- 
terial to determine its hardness are 
applied and removed, resulting 
hardnes indicated on a dial. Minute 


photoelectric transistors pick up 
this hardness indication, transfer- 
ring the reading to impulses which 
actuate relays. This in turn clas- 
sifies material being tested accord- 
ing to correct hardness. The work 
may then be distributed for further 
processing or use, or returned for 
salvage or reprocessing. 

Rockwell unit has a_ control 
which regulates up and down travel 
of the elevating screw so that it is 
not necessary to have pieces all the 
same thickness for automatic test- 
ing. Another control device limits 
dwell at end of elevating screw. 
Classifying is done by means of 
photoelectric units mounted on the 
bezel rings of the dial gage. 


Buys Computer Facilities 


MANUFACTURER of electronic 
tubes and components, Haydu 
Bros., was recently acquisitioned 
by Burroughs Corp. The company 
will continue its operation under 
George K. Haydu, formerly presi- 
dent, who has been named general 
manager. 

The plant will provide special- 
ized manufacturing facilities need- 
ed for the production of new type 
vacuum tubes and other electronic 
components. 

















































FOR MAXIMUUM concentration of records, Diebold Inc. has developed a “super 
elevator file’ which features ready accessibility to as many as 300,000 records. 


Touch of a pushbutton brings desired tray into working position. 


This motorized 


unit has an electrical control which automatically brings each group of trays to the 


operator by the shortest route. 
operator's fingertips. 


No record is more than 3 seconds away from 
Records are within easy reach for almost effortless reference 
or posting when clerk is seated or standing. 
sizes and weights, handles tab cards and all popular size card records. 
scription of present records to special cards is required. 


File utilizes a wide range of record 
No trans- 









Telemetering System 


RECENTLY INTRODUCED by 
Foxboro Co., impulse-duration tele- 
metering system transmits and re- 
ceives long distance measurements 
of process flow, pressure, liquid 
level, temperature and other vari- 
ables. 

Designed for reliable measure- 
ment transmission in applications 
such as reservoir level, natural gas 
line flow and pressure as well as 
intraplant control systems, the 
Teletax Telemeter can handle dis- 
tances up to 150 miles by wire and 
may be operated over radio link 
or microwave channels. 

Because system operates as a 
function of pulse duration, signal 
level can vary widely without af- 
fecting operation or accuracy. At 
12-second intervals telemeter trans- 
mitter sends a pulse to receiver 
proportional in duration to the 
variable being measured. Receiver 
automatically compares duration of 
this pulse to that of the previous 
one and actuates a reversible motor 
which positions a recorder pen or 
indicator pointer to reflect any 
measurement change. 


New Director 


APPOINTMENT of Virgil C. Rice 
as director of manufacturing for 
Norge Div., Borg-Warner Corp. 
was announced recently. Rice will 
be in charge of all manufacturing, 
engineering and research. The new 
director’s appointment brings him 
back to Norge after an 11-year ab- 
sence. He comes to the company 
from Ronson Art Metal Works 
where he was vice president in 
charge of manufacturing. 


Building for the Future 


ONE MILLION DOLLAR research 
center which will develop new con- 
trol devices for industry was re- 
cently opened by Robertshaw-Ful- 
ton Controls Co. 

Dedicating the new center, John 
A. Robertshaw, president, stated, 
“Progress in home-living, industry, 
transportation and in better weap- 
ons to protect our country is large- 
ly dependent upon developmect of 
modern control devices.” 

New research installation forms 
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The Ferguson 
Roller Gear 
Drive Eliminates 
Another Bottle- 
Neck - 


REPLACES GENEVA DRIVE IN MULTIPLE 
STATION TRANSFER MACHINE! 


There is no place for the geneva drive in AUTOMATION . . . at least not 
in the straight line machines (illustration) of the nation’s largest manvu- 
facturer of automotive electrical components. Geneva drives can’t keep 
pace with modern production methods . . . in fact, they actually create 
a bottleneck in the assembly line! 


New machines, incorporating the FERGUSON ROLLER GEAR DRIVE as the 
indexing mechanism, proved beyond all doubt that the high speed 
precision indexing attained with the FERGUSON DRIVE improved product 
quality, reduced costs materially and increased production substantially 

. comparisons were so amazing that the firm is now replacing geneva 
drives with FERGUSON ROLLER GEAR DRIVES in many of their existing 
straight line machines. 


The FERGUSON ROLLER GEAR DRIVE, representing the ultimate in the 
development of cam indexing, offers tremendous advantages over 
geneva drives and other antiquated indexing devices — including higher 
speeds, greater precision, lower maintenance costs and inherent design 
versatility. The FERGUSON DRIVE can be installed on any machine using Ferguson Roller Gear Drives are 
dial feeds, roll feeds, conveyors, carrier chains and other types of available ether as components or as 


/ : completely housed units, in standard, 
feeding mechanisms. semi-standard and custom-designed 


‘ : a ‘ ’ models. They may be designed into 
Don’t let the rate of indexing be a bottleneck in your assembly line . . . new machinery or added to existing 


not when the solution is as simple as the installation of a FERGUSON machinery . . . Complete engineering 
ROLLER GEAR DRIVE! Send for the complete facts today . . . ask for service at your disposal. 

Catalog No. 105, which makes Drive selection as simple as choosing 

a speed reducer .. . no obligation, of course. 


Manufacturers of the Ferguson Trans-O-Mator, Ferguson Roller Gear Drives, 
Dial Feed Index Tables, Roll Feeds for Presses, Special Cams, Special Purpose Machinery. 


FERGUSON MACHINE & TOOL CO., Inc. 


ROLLER GEAR DIVISION, DEPT. B-11 P. O. BOX 191, ST. LOUIS 21, MO. 
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a major link in the company’s cur- 
rent national expansion program 
which includes a $2 million plant 
for Bridgeport Thermostat Div. 
which manufactures bellows and 
controls utilizing bellows; a mili- 
tary research laboratory at Ana- 
heim, Calif.; and new plants in 
Toronte, Ont. and Long Beach, 
Calif. 


Electroplating Automatically 


AUTOMATIC side arm type ma- 
chine for electroplating or allied 
processing finishes is now being 
produced by Frederic B. Stevens 
Inc. 

Christened “Stevadoer”’, new 
unit meets requirements for low 
head room, high lift and provides 
delayed set down methods, project- 
ed safety requirements, and auto- 
matic load and unload. Racks can 
also be conveyed to load station 
of plants’ rack-type processing 
equipment—be loaded, processed, 
unloaded, and transferred to next 
manufacturing stage automatical- 
ly. In addition, materials handling 
costs may be reduced due to ma- 
chine design which allows use of 
standard shop conveyors in con- 
nection with either single or double 
row type machines. 


Truck Weighing 


ELECTRONIC highway scale 
which weighs and records both 
single and dual axle truck weights 
while vehicles are in motion, has 
been developed by Cox and Stevens 
Aircraft Corp., an affiliate of Re- 
vere Corp. of America. 

Unit has been under test by the 
Bureau of Public Roads near 
Washington, D. C. for two years. 
First installations, now being made 
in Oregon, and Iowa are expected 
to be completed this fall. 

The highway part of the device 
consists of a narrow level plat- 
form in the traffic lane, just wide 
enough to catch each wheel of the 
axle. This platform (3 by 10 ft) 
is supported by electronic weigh- 
ing cells capable of accurately and 
instantly transmitting weight to a 
remotely located indicator where 
weight is recorded automatically. 
At normal highway speeds an axle 
will be on this platform for only 
1/30 of a second. 
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The electronic highway scale has 
many applications. For research 
purposes, it will record axle 
weights, truck speeds, and axle 
spacings on a given roadway. This 
information previously was avail- 
able only by count and sampling 
techniques, which are both labori- 
ous and expensive. Such complete 
data is expected to be very useful 
in planning and maintaining high- 
way durability. 

Used in conjunction with an 
overload detector, the scale will 
allow legally loaded trucks to by- 
pass official state weighing sta- 
tions. Now, all trucks must stop 
for the weighing procedure which 
results in costly delays even for 
nonoffenders. 

By materially reducing the num- 
ber of truck weighings at a given 
control station, state enforcement 
departments may achieve substan- 
tial financial savings in weighing 
crews and on stationary scale in- 
stallations. 


Combined Services Offered 


CONCLUSION of negotiations be- 
tween Dix Engineering and the 
Kirkhof Mfg. Corp. resulted in 
naming Dix as sales engineering 
representatives for Kirkhof in the 
Detroit area. Engineering serv- 
ices of Dix, which include design 
and building of special fixtures 
and necessary operational equip- 
ment for welding, will be aug- 
mented by Kirkhof resistance 
welding transformers, special re- 
sistance welding machines and au- 
tomation units. 


Voice “Stand-In” 


AUTOMATIC STAND-IN for the 
human voice, developed by Sales- 
master Corp., is a 10 minute capa- 
city magnetic tape player. Unit 
measures 514 by 61% by 12-inches. 
Monotony is eliminated as several 
messages can be transcribed on the 
greater capacity tape. Machine 
regulator turns player on and off 
for varying periods, advances tape 
to next message. 

Uses for new unit include: drive- 
in theaters to announce when next 
show commences, in banks to re- 
mind people of Xmas Club savings 
plans, in terminals to call buses, at 


PROBLEM OF HUMAN error in manv- 
facturing complex electronic units has 
been minimized with the application 
of color photography known as Eckta- 
color. It involves using color trans- 
parencies as a visual aid in the as- 
sembly of delicate electronic com- 
ponents. Ecktacolor differs from other 
processes in that a color negative, 
from which any number of transparen- 
cies can be made, is used. Consider- 
able expense is eliminated and the risk 
of inferior quality that would be ex- 
perienced in making enlargements from 
positive transparencies. 

Previously, prototype models of each 
assembly were built and retained, serv- 
ing as visual aids for wiring sub- 
sequent units. This method alone tied 
up costly units which could have been 
consigned for shipment. 

Assemblers, working from blueprints 
and schematic diagrams, often had to 
refer to prototypes which necessitated 
their moving back and forth between 
work benches and the models on dis- 
play. As developed by Bell Aircraft 
Corp., photo process has resolved this 
problem as each operator can have 
a print. 


———L_— 


the top of escalators in stores to 
call attention to merchandise dis- 
played there, and as an automatic 
voice to prevent panic when fires 
break out. 

An airline is planning to use 
“Salesmaster” as a standby clerk 
at a one-man station. While the 
attendant is on field meeting a 
plane, the stand-in will announce, 
“This is your agent, John Jones. 
I’m on the field but will be back in 
a few minutes. Call me if you need 


” 


me. 


Executive Appointed 


PROVIDING for anticipated future 
growth, Mr. Paul Koch has been 
appointed assistant general man- 
ager of Ruge-deForest Inc. Koch 
was formerly a consultant to the 
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organization. His experience in- 
cludes 10 years with Bendix Avia- 
tion Corp. and 11 years with Man- 
ning, Maxwell and Moore Inc. where 
he organized and managed the elec- 
tronics division. 


Principal products of Ruge-de 
Forest are load and pressure sen- 
sitive devices and instrumentation 
based on bonded resistance wire 
strain gage. 


Power Show Reacts to New Era 


ADVANCES in automation, rang- 
ing from automatic regulation of 
a single mechanical operation to 
control of an entire power gen- 
erating station, will be demonstrat- 
ed at the 21st National Exposition 
of Power and Mechanical Engineer- 
ing to be held Dec. 2 to 7 in Phil- 
adelphia. 

One company in the automatic 
controls field will make a first- 
time showing of an all electronic 
load and frequency control system 
for power generating systems. This 
system employs continuous pulse- 
rate telemetering to insure sensi- 
tivity and accurate readings, and 
may be installed with any form of 
transmission, such as wire, con- 
trolled carrier, or microwave. 
Choice of control method is also 
possible, including frequency, 
schedule, tie-line bias, manual 
control, and override. Control de- 
vices are applicable to a single 
plant or a system incorporating 
severa] plants and network distri- 
bution. 

Exhibitor of reactor equipment, 
the American Machine & Foundry 
Co. is actively engaged in unitizing 
reactor components under a stand- 
ardization program set up early in 
the present year. Some of the 
units are already in the prototype 
stage. Research reactor control 
systems presently being developed 
will include shim and regulating 
rod drive mechanisms and asso- 
ciated mechanical gear, rod guides, 
lattice assemblies, bridge mount- 
ings for control equipment, a va- 
riety of irradiation devices, and 
handling tools. 

Television exhibitors will show 
new cameras for industrial appli- 
cation which will permit events to 
be observed in power and process- 
ing plants, that were once beyond 
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WEW ferguson Intermittor 


INDEXING TABLES 


with the 


FERGUSON ROLLER GEAR DRIVE 
HIGH-SPEED PRECISION: 


up to 500 indexes 
per minute 


LOW MAINTENANCE: 


20,000 hours operation 
with absolutely no 
maintenance 


4 to 24 STOPS: 
standard models 


LIQUID & AIR ACCESS 
vO DIAL TOOLING PLATE 


BEY 
THE FERGUSON EL 4 
INTERMITTOR ; 


Note channel for air 
or liquid through the 
dial and roller gear 
to the tooling stations. 


Cut production costs with the new FERGUSON Intermittor, the 
standard index table that features high speeds with smoothness of 
operation; extreme precision with no shock-causing auxiliary lock- 
ing or locating mechanisms; up to 20,000 hours operation with no 
maintenance and complete drive renewal merely by replacing inex- 
pensive ball bearings. 


Smooth starts and stops with precision locking are inherent in the 
Intermittor. There is no need for costly, jarring, wearing auxiliary 
devices, even at highest speeds. 


The Intermittor gives you complete choice of profitable work 
time with a minimum of “wasted” rest during the cycle because 
movement time may vary from 25% to 100% of the total cycle time. 
You get more pieces per hour . . . at less cost per piece. 


Standard FERGUSON Intermittors are available with the number 
of stops varying from 4 to 24. Custom designs are possible with any 
number of stops and with any proportion of work time to rest time. 
They offer the ideal solution to the difficult indexing problems that 
may arise in your conversion to automation. 

WRITE FOR INFORMATION—NO OBLIGATION 


Our new catalog, giving complete 

information and data about drive Manufacturers of the Ferguson Trans-o-Mator, 
selection, is yours upon request. It ie ge Roller Gear Drives, Dial Feed index 
makes selection as simple as choos- Tables, Roll Feeds for Presses, Special Cams, 
ing @ speed reducer...write for your Special Purpose Machinery. 

copy today, no obligation. 


FERGUSON MACHINE & TOOL CO., INC. 


ROLLER GEAR DIVISION, DEPT. BI-11 P. O. BOX 191, ST. LOUIS 21, MO. 





the range of human vision, partic- 
ularly events occurring in remote 
or hazardous locations. 

Another exhibit, opening wide 
new uses in power and industrial 
plants, includes noise measuring 
instruments, stroboscopes, voltage 
regulators having a high rating 
(6KVA), improved speed response 
(20 v/sec), and unusual accuracy 
(0.25 per cent); also speed con- 
trols for small motors, which avoid 
the use of electron tubes. 


Division Manager Named 


APPOINTMENT of Stuart Edgerly 
as manager of the newly-formed 
industrial sales division of Fenwal 
Inc., manufacturer of precision 
temperature controls and overheat 
detectors, has been announced by 
the company’s board of directors. 
In his new capacity Mr. Edgerly 


will co-ordinate sales of industrial 
temperature controls through the 
organization’s 32 field offices. Prior 
to joining Fenwal, he was with 
Fairchild Camera and Instrument 
Corp., serving as assistant to the 
vice president for sales and sub- 
sequently as sales manager for the 
potentiometer division. 


Linear Programming Seminar 


PURPOSE of a three-week semi- 
nar on linear programming, to be 
held Hotel Cleveland, Nov. 1 to 19, 
is to bridge gap between theoreti- 
cal and usable aspects of this new 
technical field. Number of spe- 
cially prepared texts will be used 
which are based on result-getting 
applications developed in field 
work. Seminar is being spon- 
sored by Executive Services, man- 
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agement consultants. Conducted 
by their own staff and supplement- 
ed by outside experts, training pro- 
gram is under the direction of 
Nyles V. Reinfeld. Dr. E. Leonard 
Arnoff of Operations Research 
Dept. of Case Institute of Tech- 
nology and Dr. T. M. Whitin of 
Massachusetts Institute of Tech- 
nology’s School of Industrial Man- 
agement will lecture in their spe- 
cialized fields. 


Streak Camera 


WITH ADDITION of control facil- 
ities, Beckman & Whitley Streak 
Camera becomes a complete sys- 
tem for synchronized recording of 
position vs. time data. In use, the 
instrument makes a plot on 4 x 10 
inch film where the vertical axis 
represents space and the horizontal 
axis represents time. 

Transient events such as explo- 
sive, flash-tube, shock-wave and 
spark-discharge phenomena _ are 
suitable subjects providing they 
can be controlled with respect to 
time co-ordination. Self-luminous 
events, as well as schlieren and in- 
terferometric effects can be re- 
corded. 

An external objective lens im- 
ages the event on the camera silit. 
An internal lens forms an inverted, 
approximately 1-to-1 image of the 
slit on the face of a polished steel 
rotatable mirror. When the mirror 
is being driven at its maximum 
speed of 50,000 rpm, the image is 
swept across the film at a writing 
rate of 5.46 mm. per microsecond, 
and a film-length writing time of 
44 microseconds. 

Because of high speed mirror 
rotation, camera housing is oper- 
ated under vacuum. Vacuum pumps 
as well as electric driving facilities 
for the high-speed mirror are all 
housed in camera unit. Included in 
the control console are facilities 
for remote operation and monitor- 
ing of events under study. 


New V.P. 


FORMERLY with the Philadelphia 
Gear Works, Jules F. Fritts has 
joined the Mercer-Robinson Co. of 
New York as executive vice presi- 
dent. Manufacturing divisions of 
Mercer-Robinson produce materials 
handling and processing equipment. 


REALIZING that some form of auto- 
mation was the answer to increase 
broaching parts production, the La- 
pointe Machine Tool Co. designed, 
developed and is now manufacturing 
a horizontal type continuous broaching 
machine. A production rate of 900 
parts per hour can be obtained in 
broaching the sides, face and half- 
round of an automotive connecting rod 
while the machine is operating at mini- 
mum speed. When broaching at top 
speed, production rate can be doubled. 
The part is the customary steel forging, 
amount of stock removed is approxi- 
mately Ye-in. per surface. Built with a 
120-inch stroke, the machine is pow- 
ered by a 30 hp motor. The unit is 
designed with a series of individual self- 
operating, self-locking and self-clamping 
fixtures arranged so that the operator 
merely has to insert the parts into 
work “nests”. Machine will stop auto- 
matically if something should occur 
that interferes with its normal opera- 
tion. 


MEETINGS AND EVENTS 
Nov. 4-5— 

Society of Automotive Engi- 
neers. National Fuels and Lubri- 
cants meeting to be held Mayo 
Hotel, Tulsa, Oklahoma. Addition- 
al information may be obtained 
from society headquarters, 29 W. 
39th St., New York 17. 


Nov. 8-ll— 

Wire Association Meeting. An- 
nual fall meeting to be held Hotel 
Statler, Detroit. Additional infor- 
mation may be obtained from Rich- 
ard E. Brown, executive secretary, 
453 Main St., Stamford, Conn. 


Nov. 8-12— 

National Electrical Manufactur- 
ers Association. Annual meeting 
to be held Chalfonte-Haddon Hall, 
Atlantic City. Additional informa- 
tion may be obtained from W. J. 
Donald, managing director, 155 E. 
44th St., New York 17. 
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Nov. 11-12— 

AMA Office Management Semi- 
nar. First of three meetings to be 
held AMA headquarters on initiat- 
ing and developing an office work- 
simplification program. Additional 
information may be obtained from 
association offices, 330 W. 42nd 
St., New York 36. 


Nov. 28-Dec. 3— 

American Society of Mechanical 
Engineers. Annual meeting to be 
held Hotel Statler, New York. Ad- 
ditional information may be ob- 
tained from C. E. Davies, secre- 
tary, 29 W. 39th St., New York 17. 


Nov. 29-Dec. 1— 

AMA Office Management Semi- 
nar. First of two meetings on de- 
veloping and administering a cler- 
ical work-standards program. Ad- 
ditional information may be ob- 
tained from association offices, 330 
W. 42nd St., New York 36. 


Dec. 2-7— 

ASME National Exposition of 
Power and Mechanical Engineer- 
ing. Twenty-first exposition to be 
held Commercial Museum, Phila- 
delphia. Additional information 
may be obtained from E. K. Stev- 
ens, exposition manager, 480 Lex- 
ington Ave., New York 17. 


Dec. 5-9— 

Scientific Apparatus Makers As- 
sociation. Annual fall meeting to 
be held Pinehurst Hotel, Pinehurst, 
N. C. Additional information may 
be obtained from Kenneth Ander- 
son, executive vice president, 20 
N. Wacker Dr., Chicago 6. 


Dec. 8-10— 

Eastern Joint Computer Confer- 
ence and Exhibition. Fourth an- 
nual conference and exhibition to 
be held Bellevue-Stratford Hotei, 
Philadelphia. Additional informa- 
tion may be obtained by writing 
Eastern Joint Computer Confer- 
ence, P. O. Box 7825, Philadelphia 
1. 


Dec. 9-10— 

AMA Office Management Semi- 
nar. Second of three meetings to be 
held AMA headquarters on initiat- 
ing and developing an office-work 
simplification program. Additional 
information may be obtained from 
association offices, 330 W. 42nd St., 
New York 36. 


AUTOMATION——November 1954 


BUTTON OPERATED 
(Push-Pull or Push Spring Return) 


FOR A WIDE 


PILOT CYLINDER OPERATED CAM OPERATED 
(Single or Double Pilot) 


VARIETY OF SERVICES 


SOLENOID OPERATED CUT-AWAY VIEW OF INTERIOR 
(Single or Double Solenoid) U. S. Pat. No. 2,645,450 
@ These newly developed valves combine greatly simplified construction, 

positive positioning of all parts and quick, easy repacking in the field. There 
is no direct impingement of flow across the packings, greatly prolonging their 
life. All metal parts are aluminum except the hollow, radially ported, stainless 
steel plunger. %’’ and 4"’ pipe connections. 2, 3, 4 and 5-way actions. Write 
for Bulletin No. 531 today! It gives full details. 


.e ¢ 


WATER SYSTEM VALVES pilot cylinder 
SINGLE PLUNGER SOLENOID VALVES operated, sizes to 8'’. Can be installed with 
in single or double solenoid designs. automatic remote control as a plant protection 
low amperage requirement eliminates measure to shut off water to certain parts of the 
intermediate relays and _ simplifies plant in case of emergency so the entire avail- 
electrical control circuits. able supply is directed where it is most needed. 


Quick-As-Wink 


AIR AND HYDRAULIC 


Control Valves” 


Hand, Foot, Cam, Pilot, Diaphragm and Solenoid Operated 
Mfd. by C. B. HUNT & SON, INC., 2074 East Pershing St., Salem, Ohio 
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THIS 1S AETN 
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SEAMLESS TUBE MILLS 


Aetna continues to conceive many new ideas for the 
production of seamless tubing. This continued progress, 
plus reputation and experience, helps Aetna-Standard 
to continue as world’s leading designer and builder 
of Seamless Tube Mills. 


FLAT-ROLLED FINISHING EQUIPMENT 


This is one of Aetna’s six major product lines. Flat- 
rolled embraces such equipment as: Shearing and 
Classifying; Scrubbing and Drying; Recoiling; Slitting 
and Side Trimming; Roller Levellers (two-high and 
four-high); Reels of all kinds; and many other products. 


CONTINUOUS COATING 


This year Aetna will have completed the building of 
25 continuous galvanizing lines, in addition to several 
terne and electrolytic tinning lines. Aetna has worked 
closely with industry in this development and is con- 
sidered the pioneer in continuous coating equipment. 
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ROLLS 


Aetna specializes in manufacture of small and medium- 
sized iron-base rolls. Aetna is pioneering in the use 
of Nodular Iron for rolls and castings under trade name 
of Magaloy. 
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CONTINUOUS BUTT WELD PIPE MILLS 


Over the years, new ideas and engineering accom- 
plishments have strengthened Aetna’s position as the 
only builder in America of Continuous Butt Weld Pipe 
Mills. In recent months, Aetna Pipe Mill equipment 
has been installed in America, in Canada, in Germany, 
in England, in Japan and in Argentina. 





COLD DRAWING 


The world over, Aetna-Standard is recognized as the 
leading authority and builder of cold draw equipment 
for tubes and bars. This year marked introduction of 
several innovations by Aetna, such as the air gripper 
carriage and hook. 


SUBSIDIARY and ASSOCIATED COMPANIES 


Head Wrightson Machine Senet Ltd., ape Raisey a a 
orway, mmark, Union o ut 


Great Britain, Finland, Sweden, 
Africa, Northern and Southern Rhodesia. 

Aetna-Standard Engineering Company. Ltd., Toronto, 
Canada. 


M. Castellvi, Inc., New York, N. Y.— Mexico, Central and South 


America. 


Societe de Constructions de Montbard, Paris, France — France, Bel- 


gium, Holland, Luxembourg, Switzerland. 


Demag Aktiengesellschaft, Duisburg, Germany — Germany, Austria, 


Yugoslavia, Greece, Turkey, Egypt. 
Compagnia Italiana Forme Acciaio, Milano, Italy — Italy. 
Aetna-Japan Company, Ltd., Tokyo, Japan — Japan. 


Hale & Kullgren, Inc., Akron, Ohio — Representative for the Rubber 


Industry. 
Standard Engineering Company, Ellwood City, Pa. 
Trans-World Traders, Pittsburgh, Pa. 


Designers and Builders to the Ferrous, 


Non-Ferrous, Leather, Rubber, and Plastic Industries 
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No Robots Here! 


Owing to the magic and glamour surrounding such modern 
developments as electronic controls and various computer sys- 
tems, there has been an abundance of rather fictional reports 
concerning automation. In some instances today’s automatic 
controls have been termed “robots”, silent and insidious. In 
others it is said that robots outnumber workers. 


To term automatic controls robots is absurd. Nothing 
could be farther from fact, a robot being classically defined as 
a manufactured mechanical person without sensibility—any 
automatic apparatus or device that performs functions ascribed 
to human beings. No robots by any accepted definition are in 
use today and the basic electrical controls of the types used on 
automotive cylinder block transfer machines referred to by 
such writers have been in use for many years. 


The tremendous growth of automation across all industries 
has naturally created considerable interest. But, to relegate such 
straightforward engineering developments to the limbo of witch- 
craft, as is the wont of popular writers, is unfair to engineers 
and laymen alike. It could well delay normal development of 
automation and its benefits severely. 


By faithful adherence to fact and careful avoidance of the 
unwarranted tendency toward the sensational, all parties will 
benefit. To imply that robots are superceding men is gross mis- 
statement of fact. The foolproof machine which “gets no head- 
aches”, the “noiseless plant devoid of moving parts”, and the 
“substitution of automatic for human processes” are cuts from 
pure cloth. 

Actually, the automatic telephone systems of today, the 
automatic machines and the automated plants require more 
and better trained men to achieve continuous and successful 
operation. Automation offers more and better goods and ser- 
vices, faster and at lower cost than ever before in history but 
behind it all lies a tremendous work force of engineers and 
technicians who make it possible. No robots here! 
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DESIGN FOR 


MANUFACTURE 


A "MUST" FOR AUTOMATION 


Economically feasible automation in 
manufacture is tied up closely with 
design suitability. Design for mass in- 
terchangeable manufacture becomes 
a stepping stone but working auto- 
mation may require rethinking and 


redesign for acceptable results. 


By ROGER W. BOLZ 
Editor 


5 OVER THE YEARS many engineering devel- 
opments have compounded to lay the ground- 
work for today’s automation. A keen insight into 
the many important facets of design and produc- 
tion and their integration and co-ordination are de- 
sirable to create the climate conducive to econom- 
ically sound automation. 

Not the easiest of engineering achievements, true 
simplicity of design on a broad scale is a basic 
“must” for real progress toward automation. De- 
sign for production today offers even greater eco- 
nomic benefits than ever before, and especially so 
where automatic production is contemplated. But 
to plan and design most effectively it is necessary 
to understand the concept of automation and its 
underlying basic philosophy. 


> Mass Production—A Step 


Automation should not be confused with or- 
dinary mass-production techniques. Mass produc- 
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Increased output and uniform qual- 
ity are achieved with automated 
production equipment. Ingenious 
machine design provides continu- 
ous precision operation under con- 
trolled conditions on jobs ordinari- 
ly delegated to conventional meth- 
ods. Here, two metal shells are 
assembled with a rubber bushing. 


tion, as developed from the original ideas of Eli 
Whitney, comprises the basic approach and science 
of manufacturing without individual fitting quanti- 
ties of products from groups of components pro- 
duced in mass. Mass production is made practi- 
cable by dimensional standardization of compo- 
nents to permit interchangeability in assembly. 
Manufacture may be entirely by hand methods 
from start to finish. Mass-production techniques, 
therefore, constituted a major step in creating the 
possibility of providing large quantities of complex 
products with superior quality and uniformity at 
lower cost in time and money. 

However, despite years of development and re- 
finement these conventional hand methods for pro- 
ducing discrete products in many instances no 
longer suffice. Economics, market demand, drudg- 
ery, speed, monotony and other factors necessitate 
a change. The succeeding step is automation. To 
the basic science of mass production, the newer 
modern evolution of automation is applied to pro- 
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duce the result of automatic production. Here, the 
basic ideas of automatic operation—originally con- 
ceived by Watt for the steam governor; by Sickels, 
Gray and Farcot for servo steering and gun posi- 
tioning; by Jacquard for the cotton loom; by Den- 
nison for watchmaking; and others—merge to cre- 
ate the modern broad concept of automation as ap- 
plied to manufacture as well as processing. 
Perfection, to a certain degree, of mass-produc- 
tion technique was a natural forerunner of auto- 
mation in manufacturing. Its achievements have 
also contributed significantly to all commercial and 
industrial automation, for today automation is de- 
pendent upon accurate, intricate and serviceable 
equipment. Automatic operation aimed toward 
complete plant automation requires a neat combi- 
nation of equipment, machines and controls. Being 
—in simple terms—manufacturing, processing or 
performing of services as automatically as pos- 
sible, automation comprises automatic machines; 
automatic controls; automatic methods such as 
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Diagram showing the progression from a con- 
ventional amplifier circuit to its counterpart 
constructed according to the principles devel- 
oped at NBS for modular design of electronics. 
Conventional resistors, capacitors, and coils 
are replaced by wafer-mounted tape resistors, 
titanate capacitors, and miniaturized coils suit- 
able for automatic manufacture. The wafers 
are finally assembled skyscraper fashion to 
form the modular type unit. 
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handling, processing, assembling, measuring, sens- 
ing, packaging; and automatic computers and data 
handling systems. Thus, with the right combina- 
tion of elements properly integrated and co-ordi- 
nated to suit demands, conditions and economics, 
amazing achievements are possible. But, the best 
in long-life and performance is needed in such 


equipment—and today this ultimate is much closer 
to achievement. 


> Design for Production Needed 


Real economy in mass manufacture of products 
has been to a large degree tied up with good design 
for production, but failure to insure optimum de- 
sign features has seldom denied satisfactory re- 
sults. Actually, it has even been possible to defy 
good design criteria and depend on the skill of the 
men along the lines to supply the necessary cor- 
rection factors. Not so in automation. Mere mass 
production techniques must be superseded by mod- 


19 





a eel De haa Cea a ERR ONL ARE pT OL SW EL) ET 


Intermediate frequency amplifier em- 
ployed in a manufacturing cost deter- 
mination conducted by Mead Carney 
and Co. Cost of this unit (top), con- 
structed in large numbers by convention- 
al manual techniques employing conven- 
tional component parts, was compared 
with the costs of production using both 
mechanized and manual methods for 
manufacturing the modular design. A 
compromise between the latter two 
proved most economical. 


ern production design for automatic manufacture. 
Although in many instances production of compo- 
nents and assemblies has been automated without 
design change, in most cases significant savings 
await ingenious design modification. 

This is especially true of automatic assembly. 
To attempt to assemble automatically without de- 
sign modification would parallel the attempt to 
mass produce without regard to the technique of 
interchangeability. Today, with automation, sim- 
plicity is the byword. And in many cases, even 
arduous labor and large expenditures may not pro- 
vide the desired economic result. The much pub- 
licized Project Tinkertoy bears this out. After 
thorough economic studies were completed it was 
found that semimanual methods offered the most 
effective result, not complete automation. 

In this analysis of the project it was found that 
the electronic amplifier of simplified modular de- 
sign reduced manufacturing cost 38.5 per cent over 
conventional piecemeal design. This method con- 
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A great variety of piece-parts have been han- 
dled and fed automatically in production. 
Parts should have stability of physical outline, 
reasonable uniformity and preferably some 
definite shape characteristics to insure prac- 
tical feeding and orienting. Here three meth- 
ods are shown for feeding headless setscrews 
all with nose end leading. 
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sists in hand assembling the simplified machine 
produced components. Fully mechanized produc- 
tion of the same modular design reduced cost 44 
per cent with roughly the same output per hour. 
However, seven of the process steps proved to be 
lower in cost with the hand method and when 
substituted in the otherwise mechanized procedure 
the combination offered the lowest total cost per 
unit. 

Significant factors in the project were that $665,- 
000 was required to create the all automatic facil- 
ity and $82,000 the semimanual. Little savings 
would accrue from increase in size of either facility. 
Limitations on the output, and hence economics, of 
the mechanized production installation were found 
to center around equipment cyclic rates, machine 
delay time, reject percentage, equipment costs, 
numbers and skills of operators, and equipment 
maintenance. This example merely indicates that 
automation is not a panacea. As always, a neat 
overall compromise provides the best end result. 
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in-process gaging device designed by Sheffield 
that checks seven piston dimensions automati- 
cally—diameters of top land, top groove, sec- 
ond groove, oil groove, and widths of top, 
second and oil grooves. Pistons are progres- 
sively moved into two gaging stations by air- 
operated push bar. At first station widths 
of ring grooves are gaged with “go” and 
“not go” rolls. If grooves are out of toler- 
ance, a memory circuit rejects the piston at 
the next station. Second station gages ring 
groove and diameters. Pistons out of toler- 
ance drop through a trap door while accept- 
able units leave via a rear chute. 


> Quality and Design Factors 


Another area that assumes key importance in 


automation is statistical quality control. Although 
desirable in ordinary mass production, it is neither 
always used or a “must’. Common methods of 
gaging after manufacture without machine cor- 
trol are still commonplace and, by and large, still 
suitable to a degree. To permit economic auto- 
matic assembly or automatic production of just 
piece-parts, in-process continuous gaging to elim- 
inate scrap and off-size pieces is desirable and often 
a necessity. Though not commonly recognized, 
feeding, chuting, orienting and assembling opera- 
tions in automation fail most often because of non- 
uniformity of parts. 

Through automatic size and uniformity control 
of parts being produced, production of bad pieces 
is eliminated. Although of little economic impor- 
tance in production for hand assembly (where 
scrap can be detected by the assembler), in-process 
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gaging before continuous production assembly op- 
erations is a vital factor. Extremely small irregu- 
larities can jam intricate devices easily, and hence, 
crude operations are often impractical to automate. 

Here, again, design for economical automatic 
production assumes critical importance. Individual 
piece-parts can be designed for maximum facility 
in the production process; in the gaging procedures 
necessary; in the handling, chuting, orienting and 
feeding steps required; and in the actual assembly 
arrangement. These overriding considerations in 
basic design detail which must be brought into 
play can also, and often do, contribute direct ad- 
ditional benefits. Typical cases on record show 
that the constant drive toward suitability for auto- 
mation procedures and for simplicity result in 
much superior end products from standpoints of 
performance, uniformity, stability, service life, and 
maintenance. The overall economic results not 
often recognized constitute an advance worthy of 
note in any management planning. 












































KEEPS PACE WITH 
ELECTRONIC DATA HANDLING 





Fig. 2—Letters, numbers and special characters are 
printed in form of “dot” patterns as shown in the circled 
enlargement. The dots of each letter or character are 
printed by means of tiny wires (0.010 in. diameter in a 
matrix 5 wires wide by 7 high. Information to be 
printed is fed into the machine in the form of standard 
tabulating cards similar to the card shown at the bottom 
of the illustration. As the cards pass through the two 
card-feeds at the rate of 54,000 lines an hour, elec- 
tronic decoders interpret the punched holes and cause 
the printing mechanism to select and actuate the proper 
wires in each matrix to print the desired characters 
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HIGH-SPEED PRINTING 







Fig. 1—In the print head section, extension of the 
printing wires from their supporting matrices has 
been exaggerated, and the wire ends colored in 
order to illustrate the formation of characters. In 
actual operation, the wires move approximately 
0.020 in. To print, a one-time carbon ribbon 
and the paper are run between the matrix surface 
and a flat steel platen (not shown). Impact of the 
wires in the carbon transfers a pattern of carbon 
“dots” to the paper, forming the printed characters. 
Paper movement runs parallel to the matrix sur- 
face, stops 15 milliseconds to print a line, then ad- 
vances to the position required to print the next. 
Characters in each line are printed simultaneously 


5 INPUT AND OUTPUT devices for computing 
machines have been the subject of much de- 
velopment effort because their speeds are not com- 
patible with the electronic calculating elements. 
While “memories’”’ have eased the problem by pro- 
viding storage space for data, great differences in 
time requirements for different computer functions 
have hampered the application of electronic data 
handling to clerical work. 

A development. by Burroughs Corp. has increased 
output printing speed sufficiently to broaden the 
range of practical applications for electronic of- 
fice equipment. Operating at a speed of over 43,000 
characters a minute, the equipment can simul- 
taneously print and punch in a single operation. 

Alphabetic, numeric, and special characters are 
formed by wires in a mosaic, Fig. 1, each wire 
individually activated and positively driven in both 
printing and restoring directions. An electronic 
decoder reads the punched holes and selects the 
proper wires to form the desired character, Fig. 2. 

Synchronized with the printer unit, the punching 
mechanism can punch any selected data from input 
cards, accumulators, or digit emitters directly 
into the same tabulating card document that has 
just been printed. 

Principal applications are expected in public 
utility companies, publishing and mail order con- 
cerns, and insurance companies where there is a 
large volume of accounting records, promotional 
and mailing pieces. In preparing utility bills, for 
instance, customer cards would be placed in one 
feed hopper of the card reading unit, billing infor- 
mation in the other. With one pass of the two sets 
of unmerged cards, the machine would produce a 
postcard with name and address printed on one 
side, and meter reading, rates, dates and charges on 
the reverse side. 

In the same operation, the stub would be punched 
with the account number and amount for crediting 
when payments are received; a separate punched 
card would be created for use of the meter reader 
on his next round; totals for proof and analysis 
would be provided and a register furnished con- 
taining all billing information. 
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ONE OPERATION often required in the line 

sequence of bottling liquor, wine, chemicals, 
pharmaceuticals, and certain liquid foods is the 
placing of a cellulose band seal around the neck of 
the bottle and its closure. To maintain line speeds 
of up to 165 bottles per minute, the Gisholt Ma- 
chine Co. has developed an automatic machine that 
takes each folded cut length of the tubing from a 
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General view of neck band sealing machine; bottles 
come in from strip stamp machine at left, travel around 
rotary table in rear where cellulose seal is applied, 
and move out to next operation at right. 


APPLYING 
BOTTLE SEALS 


stack, opens it into cylindrical form as it is passed 
through a series of transfer finger mechanisms, 
and deposits it over the bottle. 

Bottles are received from the previous operation 
on a flat top chain conveyor, which is an integral 
part of this machine, and are transferred to a 12- 
station rotary index table. As the bottles move 
around this table, each one of the set of 12 final 
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Elevation and plan drawings 
oF show loading magazines; 
four-arm transfer mechanism; 
four-station, two-finger head 
turret; and 12-station, eight- 
finger head turret. In setup 
for different height bottles 
these seal handling mecha- 
nisms are raised or lowered 
with respect to the conveyor 
and rotary table. Bottle 
guides and clamps are ad- 
justable to various sizes. 


APPLYING > 
BOTTLE SEALS 


finger heads completes its cycle in turn by position- 
ing the neck band before the bottle moves back 
onto the conveyor to be carried on to the next op- 
eration. 

Certain features of this packaging machine, en- 
gineered by a machine tool builder, are of particu- 
lar noteworthy interest. Rather than have each 
bottle shuttle in and out of a fixed loading station 
with the resulting difficulties of high-speed inter- 
mittent motion; the actual assembly is performed 
in a work station that moves with the bottle in a 
smooth running continuous action. The transfer 
heads and feeding devices incorporate antifriction 
bearings in totally enclosed oil filled gear boxes to 
require a minimum of maintenance. Safety clutches 
and plastic guards decrease the possibility of oper- 
ating accidents. 

These considerations and the mechanics of action 
are illustrated in the accompanying pictures of the 
automatic machine sequence. 


Transfer arms deliver seals at the level 
of the two-finger head turret assem- 
bly which is a four-station turret ro- 
tating on a vertical axis. 
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Operator loads cut seals into two self-aligning Single finger and clamp on end of rotating four- 
and self-feeding magazines at front of machine. armed transfer mechanism enters seal and takes it 
Oscillating disk uses vacuum to pull individual from oscillating disk. If no bottles are in machine, 
seals alternately from each line and position finger does not take seal. 

them for the pick off finger. 


Cam bar on upper frame causes fingers Two-finger turret (Upper left) has rotated 180 
in two-finger head to close for entry into degrees, and two-finger head has turned 180 
seal at same time as cam bar on front of degrees on its own axis to be in position for 
two-finger head releases clamp on transfer eight-finger head to enter seal. At this position, 
arm. View shows seal removed from trans- cam actuates lower one of the two fingers to re- 
fer arm finger and positioned on two-finger lease seal so that the collapsed eight-finger as- 
head. sembly may take it. 
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Left—As the 12-station turret ro- 
tates, each head turns down 90 de- 
grees and the eight fingers expand 
within the seal. The bottles are 
spaced out by the metering wheel 
and guided off the conveyor into a 
work station under the eight-finger 
head turret. 


££ ed 

Below—Seal is swung into position 
above the bottle and cam actuated 
stripper slides it off the eight-finger 
head down around the bottle neck, 
as turret and bottles progress 
cround rotary table. 


AUTOMATION—November 1954 





Tere 

i 0 
Bits 
Soe 


Having delivered the seal the 
stripper retracts; the  eight- 
finger head collapses as it turns 
back up to position to receive 
another seal from the two-finger 
head. 


Completion of the operation 
is accomplished when the bot- 
tles are moved back on the 
flat top chain conveyor; seals 
will dry out and shrink tight as 
they move on to the next opera- 
tion. 
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Fig. 1—Large press used by Pon- 
tiac Div. of Fruit-of-the-Loom 
Inc. to print cloth. Cloth from 
press goes up to floor above 
after being printed. Endless 
rubber belt which holds cloth 
against printing rolls runs out 
of the press toward top right to 
washer which removes all ink 
and rinses the belt before it re- 
turns from right center (cleaned) 
to machine 


PNEUMATIC TIME DELAY 


FOR AFTER SHUTDOWN PROTECTION 


Many systems require operation 


of an auxiliary protective device b 
. . WHEN A CONTINUOUS belt passes through 
after the operating cycle 1s stopped. a series of process stations, effects on the 
This relay operates a rinse to belt must be considered at each station after shut- 
down. If one station introduces a damaging ele- 
remove dye solvent from the ment to the belt, a succeeding station can remove 
belt of a textile printing unit it but does not give shutdown protection. 


A simple, inexpensive control system which auto- 
matically starts or continues operation of a ma- 
chine auxiliary, after the machine itself has stop- 
ped, was developed by Dewey & Almy Chemical 
Co. to provide an automatic rinse for fabric print- 
ing machines. Textiles are printed by running rolls 
of cloth over revolving printing rolls, in much the 
same manner as newspapers are printed. Cloth 
is supported and kept in contact with printing rolls 
by an endless belt or blanket. Conventional prac- 
tice is to run an extra roll of cloth, a “back gray’, 
between blanket and cloth being printed. Back 
grays prevent blurring and smearing by absorbing 
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excess dye forced through the cloth being printed. 
Using back grays is expensive, since they must 
be removed from the printing machine to be 
washed prior to being rerun, and are not usable 
after a few cycles of operation. The Darex blanket 
process, Fig. 1, makes obsolete the practice of 
using back grays, since the blanket itself absorbs 
excess surface dye. A continuous washing proc- 
ess was introduced to remove dye picked up by 
the endless belt before it returned to the printing 
roll section. The belt is run through a two-section 
washing machine—a section where solvent removes 
dye from its surface, and a water rinse section. 


> Protection Needed 


When the printing machine and washer are stop- 
ped simultaneously, there is a small belt section 
which has passed through the solvent washer 
section but not yet reached the rinse. This was 
not a problem until recently when new latex 
dyes were introduced, necessitating a stronger solv- 
ent that could seriously damage belt surfaces if 
not rinsed off promptly. 
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An auxiliary spray for the blanket in the area 
between solvent and rinse sections solved the 
problem. A control device is arranged to turn 
this spray on only when printing machine and 
washer stop, and remain on for a predetermined 
period. It was decided not to do this manually as 
a machine operator might forget or not be present 
when an unexpected machine stoppage occurred— 
circumstances which might ruin a valuable blanket. 


> Delay System 


Complicated control setup was avoided through 
use of an Agastat time delay relay, manufactured 
by the AGA Div., Elastic Stop Nut Corp. of Amer- 
ica. This relay, shown schematically in Fig. 2, has 
two sets of contacts—main and auxiliary. When 
the solenoid coil is energized its core is pulled down, 
transferring both sets of contacts. When the coil 
is de-energized, the core tends to return to its pre- 
vious position, but motion of a diaphragm to which 
the core is attached is delayed by flow of air 
through an adjustable restriction. Linkage of con- 
tacts to the core is arranged so that the slightest 





PNEUMATIC 
TIME-DELAY 





return motion transfers the auxiliary contacts 
back to normal, but full return of the core is re- 
quired before the main contacts transfer again. 
Thus, an adjustable time delay takes place before 
the main contacts return to their previous position. 

Schematic sketches, Fig. 3, illustrate the valve 
control cycle. When printing and washing ma- 
chines are, not operating, although the auxiliary 
contacts of the time delay relay are normally 
closed, there is no water rinse spray because main 
contacts are normally open. When the printing 
and washing machines are started, the time delay 
relay coil is energized and both sets of contacts 
immediately reverse—no rinse water flows since 
main contacts have closed, auxiliary contacts have 
opened. 

When power to the printing and washing units 
is cut off, the relay coil is de-energized, auxiliary 
contacts promptly close, and time delay begins. 
During the adjustable delay period of from 0.1 








seconds to 5 minutes, both sets of contacts are 
closed, opening the solenoid valve for rinse water 
to flow. At expiration of the time delay period, 
main contacts open and flow of rinse water stops, 
completing a cycle. 

Major advantage of the pneumatic type time 
delay relay for this application is that time delay 
begins upon de-energization. The device need not 
complete its time delay period before resetting to 
start another time delay. This is important as it 
provides full water volume delivery regardless of 
how soon the machine is stopped following a start. 
Situation occurs during jogging of the machine 
when a new roll of cloth is being aligned, and may 
occur if low voltage or overloads were to kick 
motor starters out soon after starting. 

In other applications, various auxiliaries can 
be substituted in place of the solenoid valve in 
this particular system. Examples are ventilation 
blowers, coolant pumps, conveyors, indicating 
lamps, or an alternate machine in an automated 
setup. Circuits can be arranged so that the auxili- 
ary operates while the main machine is operating 
and for a specified period after it is shut off, or to 
operate only for a period after it is shut down. 


Fig. 3—Schematic drawing show- 
ing cyclic operation of machine 
auxiliary. Dotted lines indicate 
the contacts operated by mo- 
tion of the solenoid core. Note 
that both the main and auxiliary 
contacts are in the solenoid 
valve circuit. Valve is open 
only when both sets of contacts 
are closed 
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Fig. 1—Latex storage tanks form a 100,000-gallon res- 
ervoir for the automatic foam plant 


LATEX TO FOAM RUBBER 


AUTOMATICALLY 


By LEONARD J. BISHOP 


Vice President, Engineering 
Mechanical Handling Systems, Inc 
Detroit, Mich 


AUTOMATION is often thought of in terms of 
plans or even dreams; here is reality. 

Most consumers can remember when foam rub- 
ber was a luxury item. Gradually, as improved 
production methods gave manufacturers more ca- 
pacity and lower unit costs, foam became competi- 
tive with traditional materials such as feathers, 
down, hair and springs. More recently, in the Dun- 
lop Tire and Rubber Corp. Buffalo plant, the pro- 
duction rate jumped from 8.1 mattresses per work- 
er per shift to 96 mattresses. How? Automation. 

Latex, both natural and synthetic, arrives at the 
Dunlop plant, designed and built by Mechanical 
Handling Systems Inc., in tank cars. Compressed 
air forces the white liquid through one of three 
separate pipeline systems into the proper 20,000 
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You are invited to “tour” an automatic 
foam rubber products plant in these 
pages. Higher efficiency, lower costs, 
and improved products are obtained 
along with operational versatility. Great 
competitive advantage favors materials 


and designs adaptable to automation 


gallon storage tank, Fig. 1. Since even natural 
latices may differ depending upon the part of the 
world they come from, multipipes are necessary to 
prevent contamination and simplify maintenance. 
Each tank contains agitating equipment to keep 
solids in suspension since latex will separate much 
as cream rises in whole milk if left at rest. 

From the storage tanks, various grades of latex 
are pumped to the compounding tanks inside the 
plant, Fig. 2, each acting like a giant churn to 
thoroughly mix ingredients. Tank jackets contain 
networks of pipes for hot and cold water to attain 
and maintain required temperatures for various 
stages of the processing, Fig. 3. For example, to 
remove the ammonia—added to natural latex at 
the plantation as a preservative—latex is heated in 
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Fig. 2—Battery of six compounding tanks where latex mix- 
ture is prepared. Temperatures are controlled at panel 
by adjusting hot and cold water flow in tank jackets 


the tank to an exact 100F. A stream of air across 
the surface of the liquid carries off vaporized, ex- 
cess ammonia. 


> Mixing the Foam 


A single man handles all compounding room op- 
erations. He controls the charging of a battery of 
ball mills, Fig. 4, that grinds dry ingredients and 


Fig. 3—Lower portions of compounding 
tanks showing three-pipe system. Each 
tank has 4000-gallon capacity 


prepares aqueous dispersions of the vulcanizing 
agent, activators, accelerators, antioxidants and 
gelling agents, and also controls preparation of 
other ingredients in slurry tanks. Automatic equip- 
ment helps assure accuracy in compounding, a 
procedure necessary in maintaining continuous 
uniformity of product. 

From the ball mills and slurry tanks, mixtures 
are blown to storage tanks where dispersions are 
agitated to maintain uniform suspension of finely 
ground particles in the liquids. Softening equip- 
ment conditions water for use in dispersions as 
shown in Fig. 5. 

To gather ingredients from the tanks, a system 
was devised that allows collection of exact quanti- 
ties, provides a permanent record of all those quan- 
tities and relieves the operator of all lifting. A 
traveling, self-propelled scale car, Fig. 6, can move 
up and down the aisle, and laterally to the tanks. 
The car container can be brought into position un- 
der the nozzle of any one of the dispersion tanks. 
The operator draws off the correct amount of the 
mixture by weight which is recorded on a print- 
weigh mechanism. He then moves the loaded scale 
car to the appropriate compounding tank, and by 
opening the valve at the bottom of the container, 
allows the contents to run into the compounding 
tank. 

After all ingredients are added to the latex in 
the compounding churn, the mixture is allowed to 
mature for at least 24 hours. Circulating refriger- 
ated water through the jacket stops maturing ac- 
tion and the latex is ready to be converted into 
foam. The mixture is piped to a 500-gallon, auto- 
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Fig. 4—Dry ingredients are 
loaded into these ball mills 
through trap doors in com- 
pounding room floor 


Fig. 5—Equipment used to 
condition water for the com- 
pounding process. Ball mills 
ore above 


Fig. 6—Operator draws re- 
quired amounts from disper- 
sion tanks. Scale records 
weights automatically as the 
car carries ingredients to 
compounding tanks 
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LATEX TO 
FOAM RUBBER 


matic float-controlled tank for temperature adjust- 
ment, then flows to the continuous mixers that in- 
ject air and break up large bubbles. Here, also, 
two more ingredients are metered into the mixture 
—one causes the latex to gel later, and the other 
is a chemical activator needed for vulcanizing. 

The second man in the process constantly checks 
foam density determining firmness of the final 
product. Also, high density makes a great differ- 
ence in the profit column. Latex foam is dis- 
charged from the mixer through a hose used for 
filling molds by the third man in the operation, Fig. 
7. White and fluffy, the foam looks much like 
whipped cream. 


Fig. 9—Controls for process mechanisms and tempera- 
tures are located on this panel 


Fig. 7—Foaming machines inject air into latex mixture. 
Molds are filled as they pass pouring station on con- 
veyor. Mold lids close automatically 


> Pouring a Mattress 


A loop conveyor with 45 pallets carries molds 
past the pouring station. In filling, the operator 
levels the latex foam to uniform height, carrying 
excess to the next mold. Mold lids are open as 
they approach the filling position and close auto- 
matically as the pallet moves away, Fig. 8. The 
gelling agent sets up the foam as the conveyor 
takes the mold toward the vulcanizing chamber at 
a temperature of 85F. When poured, molds must 
remain at this temperature for 8 minutes for prop- 
er gelling. 

Time in the vulcanizing chamber is critical, too, 
and automatic controls maintain preset condi- 
tions, Fig. 9. The specially designed vulcanizing 
or curing chamber is heated to 210F by steam. 
Molds are raised to the top of this chamber where 
steam is at its highest uniform temperature, and 
continue through this zone until curing is complete. 
Chamber design prevents steam from escaping into 
the room, and steam costs only 2 to 3 cents per 
mold. 

After the mold emerges from the curing cham- 
ber, the lid rises automatically Fourth and fifth 
men in the process strip the cured product from its 
mold and place it on a belt conveyor. At this point 
it is wet and hot, and must be washed and dried- 
automatically. Meanwhile, the stripped mold pass- 
es through a cooling water spray, a drying air blast 
and a lubricant spray for easy stripping. Then it 
passes through a chamber that brings the mold 
back to the proper temperature for pouring again. 


The belt conveyor, carrying the cured product 
to the washing machine, uses overhead space in a 
belt system that makes a 180-degree bend, travels 
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Fig. 8—After lids automatically close, molds enter 
vulcanizing chamber 


up an incline and down into the washer where 
free chemicals remaining in the foam are removed 
by hot-water washing and wringer rolls, Fig. 10. 
Removal of all curing chemicals insures an odor- 
less product. 

Sixth man in the production setup transfers the 
product to the drying oven, Fig. 11. The operator 
must place the product on the conveyor without 
the slightest distortion, to avoid permanent set by 
the drying process. 


Fig. 10 — Washing machine 
needed to deodorize the prod- 
uct. Wringers squeeze water 
out and pass molded foam 
pieces onto another belt 
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> Finish and Inspection 


Temperature at the start of the 200-foot long 
oven is 260F, decreasing to 200 degrees at the end 
of the oven. The product emerges into a cooling 
chamber completely dry. After cooling, work is 
deposited on a trimming conveyor, Fig. 12, except 
on the midnight shift when placed on a storage 
conveyor, necessary because state law doesn’t allow 
women to work on the midnight to morning shift. 
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Trimming, inspection and finishing operations are 
shut down during that time. On day and after- 
noon shifts, stored production is worked into the 
flow through the finishing stations. 

Traveling by conveyor through the finishing de- 
partment, flash is trimmed from sides and corners. 
Density is checked automatically by a compres- 
sion test, Fig. 13, and visual inspection is made. 
Operators cement together pillow halves and mat- 
tress sections. Comparison of incoming raw ma- 
terial weight against weight of the finished prod- 
uct furnishes a continuous and accurate check of 
overall plant efficiency. On a special section of the 
conveyor, each product is weighed and the weight 
recorded without disrupting the flow of work, 
Fig. 14. 

When a mattress, pillow or pad rolis onto this 
section, it breaks a light beam to an electric eye 
and starts a sequence of events. The conveyor at 
the scale position drops, leaving the product on 
the cage-like scale platform. As the section drops, 
the live roller turn behind the weighing station is 
stopped to keep the next product from following. 


Fig. 11—Manual placing of mattress on drying 
oven conveyor is necessary because its soggy 
condition makes mechanical handling difficult. 
Piece must lie flat for curing 


ig. 13—Firmness measurement and visual check are made at this station 


ae 
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Fig. 12—After passing through the curing oven, 
flash is removed in the finishing department. 
Rack conveyor takes midnight-shift production 
which is trimmed on the other shifts 


Fig. 14—After finishing, mattresses are automatically 


weighed. Some customers supply covers for mattresses 
ordered 
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A printing mechanism records the weight of the 
piece on the scale, the roller section rises and be- 
gins to turn, and the weighed product moves along 
—replaced on the scale with the next, all auto- 
matic. 

If the customer’s order requires it, the foam 
rubber products receive a covering. In packaging, 
prefabricated cartons are used to speed the oper- 
ation. An inclined belt, Fig. 15, takes filled car- 
tons to the warehouse for storage or direct ship- 
ment by truck or rail. 


> Overall Benefits 


Total werk force, including all hourly employees 
on all shifts, is only 35 people. Mechanization and 
automatic controls make high production possible. 
Routine maintenance is largely automatic, too. On 
the main pouring and curing conveyor there is au- 
tomatic lubrication while the equipment is in op- 
eration. Continuous oil flow bathes the main drive, 
which, in addition to lubricating, removes water 
resulting from steam condensation. The oil-water 


mixture is collected in a tank, separated and water 
drawn off. 

Correct tension on the main chain of this con- 
veyor is maintained by an air cylinder on the driv- 
ing mechanism. In case of air pressure failure the 
whole line is shut down automatically. If for any 
reason a mold lid fails to close before entering the 
curing chamber an electronic safety device stops 
the line. 

Critics of automation often complain about its 
lack of versatility. In this case, however, we have 
designed the equipment so that molds can be 
changed at will—even without stopping production, 
if necessary. While the 45 pallets on the conveyor 
provide adequate variety for normal production, 
the interchangeability feature adds to plant versa- 
tility, both in design variety and in quantity fluc- 
tuations for any particular product. 

Through application of most advanced automatic 
production techniques, everyone concerned has ben- 
efited. The company benefits from greater effi- 
ciency, lower costs, greater productivity per man 
hour, improved product and improved competitive 
position. The employee benefits from less tedious 
and fatiguing work, more pleasant working condi- 
tions and the probability of steady employment. 
The consumer benefits from uniform high quality, 
and a lower price trend. 


Fig. 15—Products are individually boxed in the shipping 
eee and moved by conveyor to the warehouse 
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CONTINUOUS 


WEIGHING 





OF SOLIDS 


Attainment of accurate continuous weighing offers 


a degree of automatic control with solids processing 


comparable to that common with fluids 


By ROBERT H. BERG 


Process Control Services Co. 
Elmhurst, til. 


> INCREASING USE of continuous processing 
for solids brings out many problems in meas- 
urement and control. Of prime importance are 
problems in flow rate and level measurement. Ap- 
plications of automatic measurement and control 
equipment, are difficult due largely to the han- 
dling properties of solids. Measuring and control- 
ling elements in contact with solid process ma- 
terials are characteristically subject to relatively 
severe conditions of build-up and abrasion. 

Solids can be defined as materials ranging from 
heavy, nonpumpable slurries to bone-dry sub- 
stances, with particle sizes ranging from dust to 
coarse gravel. Problems are especially difficult 
when the materials are sticky or cannot be kept 
flowing readily, and it is unfortunate when process 
requirements call for such materials. Flow rate 
measure and control are essential to maintaining 
proper ratios between chemically reacting sub- 
stances or ingredients of compounded mixtures 
and to hold constant the processing or equipment 
feeding rates. Keeping the process inventories 
within permissible limits at various points of ac- 
cumulation is likewise essential, to accommodate 
such situations as an intermittent supply of raw 
materials or a recycling load around one section 
of the process. Maintaining control of these 
quantitative variables in continuous processing 
eliminates many difficulties and disturbances in 
the control of qualitative variables such as tem- 
perature, pH, pressure, density, etc. 


Based on a paper presented at the Eighth Annual ASME Instru- 
ment Conference, Chicago, September 1953. 
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This discussion is limited to the measurement 
aspects of solids flow rate and inventory control, 
as the factors involved in measurement are numer- 
ous enough and are appropriately treated as an 
integrated topic. Controllers and control elements 
are dependent upon effective measurement and in- 
involve another group of factors. 


> Continuous Weighing as a Measurement 


Continuous weighing is generally the most feas- 
ible means for quantitative measurements of solids 
and has the advantage of providing accurate meas- 
urement without inherently placing the measure- 
ing elements in direct contact with the process ma- 
terials. Solids flow and level admit of no conven- 
ient phenomenon comparable to fluid orifice effects 
or self-seeking levels although, as finely divided 
solids are brought to an increasingly fluidized 
state, these phenomena may be approached. 

To a limited extent, solids flow rate may be 
measured volumetrically, under appropriate cir- 
cumstances. A bucket wheel, conveyor or helical 
vane hung in a solid-filled vertical duct will pro- 
duce a rotational speed signal as the material 
passes through the duct. Errors are resultant, how- 
ever, when the bulk density changes and build-up 
due to direct contact with the process material can 
be a problem. Most often, continuous weighing of 
a section of constant-speed belt conveyor is the ef- 
fective means for measuring solids flow rate, Fig. 1. 

Bin and hopper levels are often measured by 
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mounting pressure-actuated switches in the walls 
or by inserting probes tipped with special electrical 
capacitors, audio-range vibrators, or moving pad- 
dles (arrested when covered with solids). Again, 
build-up problem from direct material contact can 
occur. Also, such units provide little more than 
single-point level measurement vertically and 
laterally, and many units must be used to ap- 
proach continuous, quantitative, accurate knowl- 
edge of solids level. Continuous weighing of the 
hopper and contents provides such knowledge, and 
is quite practical in many instances. For weights 
over 20 to 30 tons, higher structural costs must 
often be rationalized with the value of this type 
of measurement. 

At the point of measurement, weight may be 
sensed and translated into various types of signals: 
mechanical, pneumatic, hydraulic, or electrical. 
This is comparable to the measurement of ori- 
fice differentials or tank levels by mechanical, 
pneumatic or electrical instruments. Continuous 
weighing characteristics of the several basic types 
of weight-measuring elements are as follows: 


1. Mechanical scales are old familiar instruments 
employing lever systems to measure directly 
by weight balance. Such lever systems are 
used to some degree in other forms of weigh- 
ing to bring the desired force to bear at the 
point of measurement. The inertia and re- 


balancing momentum of mechanical scales 
accounts for a relatively slow response in con- 
tinuous weighing, compared to the other types. 
Also, signal transmission any appreciable dis- 
tance is limited to cumbersome linkages or sig- 
nal conversion devices. 


2. Pneumatic or hydraulic weighing utilizes a force 
balance of air or liquid pressure on a diaphragm, 
piston or bellows, which permits ready stand- 
ardization of signal range through appropriate 
selection of pressure-balance areas. The typical 
unit has low inertia and a simple, completely 
enclosed construction, providing fast response 
and few maintenance requirements. There is, 
however, still an appreciable time lag in sig- 
nal transmission (less in hydraulic) as com- 
pared to electrical weighing elements. 


3. Electrical weighing is accomplished by the re- 
sistance strain gage principle or by a similar 
one which utilizes an inductance change with 
micromovement of a strained metal bar. Re- 
sponse and signal transmission are extremely 
fast, and the elements are well protected by 
complete enclosure. There is no general stand- 
ardization of signal ranges, however, and tem- 
perature compensation must be considered. 


The type of primary sensing element appropriate 
for any given installation depends on the response 
requirements for the transmission distance in- 
volved, the measuring range, and the adaptability 
to desired secondary instruments. Also, consid- 
eration must be given to particular features or 
available manufactured models, such as overrange 
protection and space requirements. Which type 
of sensing element is used does not, however, ma- 
terially affect the general design factors of the 
flow rate or level measurement installation. 

A typical conveyor flowmeter in which a section 


Fig. 1—Weighing section in 
continuous belt conveyor for 
solids flow rate measurement 
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of the conveyor belt is weighed on both the load- 
carrying and return sides is shown in Fig. 1. 
Through the counterbalancing levers, the return 
span effectively tares the load-carrying span, also 
providing compensation for belt weight variation 
and material adhering to the return belt. The net 
load is weighed directly at the load-carrying span 
by any of the several types of weight measuring 
units. 

Designs vary in the number of idler rollers in the 
weight-span (one or two) and the lever-fulcrum 
arrangement about the point of measurement. Also, 
alternate methods of taring are used, such as sep- 
arately weighing the return span and subtracting 
its weight signal from that of the load-carrying 
span, or assuming a fixed tare and weighing only 
the load-carrying span. However, the conveyor 
flowmeter shown is direct and simple in principle 
and permits ready illustration of all pertinent 
factors. 

A major variation, in which the entire conveyor 
is weighed, is illustrated in Fig. 2. The small size 
of the conveyor is especially useful where space 
allowances are close, and moving the material any 
distance is of little or no importance. The tare 
must be of the fixed type, and includes the belt 
drive when the motor is mounted on the conveyor 
framework to avoid varying torque effects. 

In either case, the equation for solids flow rate 
is Q = V xX W/L, where Q is the gravimetric 
solids flow rate, V is the belt velocity, W is the 
net weight of solids on the weigh-span, and L is 
the effective length of the weigh-span (horizontal 
projection on inclined conveyors). To use this 
equation for the selection of a measuring element: 
(1) Establish an appropriate maximum value of 
Q to meet process requirements; (2) from basic 


AUTOMATION—November 1954 


conveyer design, obtain the value of V; (3) de- 
termine the value of L by calculation, considering 
idler roller spacing and conveyor inclination; and 
(4) solve for the maximum value of W. 

Of prime importance to the proper design, use 
and maintenance of conveyor flowmeters is the 
recognition, by designers and users, of the con- 
veyor features needing special attention to meet the 
requirements of good measurement. This is an- 
alogous to extra care needed in piping installations 
where orifice meters are involved. For the convey- 
ing function alone, normal conveyor design prac- 
tice considers such factors as material particle 
size, angle of repose, and conveyor length and in- 
clination to determine belt width, thickness, veloc- 
ity and troughing, idler spacing, pulley diameter, 
and the like. Operations require only that the con- 
veyor be in working order without excess wear 
and tear on moving parts. The additional con- 
siderations for flow measurement are often over- 
looked, even though conveyor flowmeter manufac- 
turers emphasize the measures to be taken. Uni- 
form, well-defined standards for conveyor flow- 
metering are needed, paralleling those already es- 
tablished for fluid orifice metering. 


> Designing Flowmetering Installations 


Major design features to be considered in solids 
flowmetering installations fall under two general 
headings: (1) Maintaining precise geometry and 
distribution of forces in the weighing section, and 
(2) keeping the belt velocity constant. So that 
W/L will accurately represent the net unit loading 
of the weigh-span, W must be the correct resultant 
of the lever-fulcrum forces and L must be an ex- 


Fig. 2—Weighing of entire short con- 
veyor for solids flow rate measurement 
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act distance. Hence, all dimensions 
and alignments about the point of 
measurement must be _ closely 
matched and held. This applies for 
a distance of two or more idler roll- 
ers on each side of the weigh-span, 
to insure uniform distribution of 
forces along the line of belt travel. 

The centering of forces across the 
width of the weigh-span also con- 
tributes to obtaining the correct re- 
sultant load at the point of meas- 
urement. Load - shaping devices 
ahead of the weigh-span, belt-edged 
guides and proper belt tensioning all 
serve this end. Since belt tension is 
at right angles to the measured 
force or nearly so on inclined con- 
veyors, it has little or no effect on 
measurement over the _ tension 
ranges normally used to obtain good conveyor per- 
formance and long belt life. 

Special attention must be given to adequate spill- 
age and dust shielding for the weighing structure. 
This also applies generally to the return belt, idler 
rollers (load-carrying), and drive and tail pulleys. 
Spillage and dust conditions which might be quite 
tolerable for the conveying function alone are usu- 
ally a serious source of error trouble and upkeep 
expense in conveyor flowmetering. 

Uniform belt construction is essential to ac- 
curate conveyor flowmetering. Variations in weight 
per unit length and irregular flexure characteris- 
tics can be equivalent to considerable percentages 
of the net solids loading, increasing in effect as the 
loading becomes lighter. Flexure variance effects 
are, of course, limited primarily to troughed belts. 
For this reason, flat belts should be used if pos- 
sible, where conditions indicate that irregular flex- 
ure forces may be significant. Measures for mini- 
mizing belt weight and flexure variations also in- 
clude the use of built-up edges to permit weight 
adjustment, and prefabricated continuous struc- 
ture to reduce splice effects. 

Since the weigh-span load is the means of meas- 
uring solids flow rate, belt velocity variance must 
not be allowed to introduce error. Either a con- 
stant belt speed must be maintained or the weight 
signal must be compensated for variations in belt 
velocity, which, of course, complicates measure- 
ments. For integrating total flow such dual mea- 
surement is common, as integrator mechanisms are 
well-suited to receiving both signals. In all prob- 
ability the common usage of conveyor scales as 
“packed unit” integrators rather than as flow 
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Fig. 3—Hopper weighing 

utilizing first class lever to 

provide partial force at 
point of measurement 





rate meters accounts for some lack of emphasis in 
present practice on the need for a constant belt 
velocity. 

To maintain an adequately constant belt velocity, 
several measures are necessary—provide a con- 
stant-speed belt drive, keep the drive pulley clean 
(for constant circumference), and prevent belt 
slippage. It would seem these direct measures 
provide the best solution in the long run. With 
belt velocity compensation, the problem reduces 
but little, as either drive pulley build-up and belt 
slippage must be avoided or a direct belt velocity 
pick-up device must be kept clean, depending on 
the means by which the compensation signal is 
provided. 

Constant-speed drive may be obtained by using 
a synchronous motor cr an induction motor over- 
sized to minimize speed variation effects over the 
range of motor loads to be encountered. Of course, 
more elaborate methods such as automatic speed 
control can be devised and may sometimes be justi- 
fied. For flexiblity, the motor speed reduction 
means should have some degree of ready adjust- 
ability, yet maintain a definite speed reduction 
ratio in operation. 


> Hopper Levels By Weighing 


A common arrangement for obtaining continu- 
ous weight measurement of the solids content of 
hoppers is shown in Fig. 3. This consists of at- 
taching the hopper to a yoke which is weighed 
(net and tare) at one end and pivoted at the other 
end. Since bulk solids densities vary consider- 
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ably, the physical level range at maximum weight 
must be accommodated in hopper design by allow- 
ing sufficient free-board. The length of the lever 
used to gain mechanical advantage for the measur- 
ing element is varied to meet signal range require- 
ments or overall cost considerations. For stability, 
the hopper should be constructed symmetrically 
and attached to the yoke at a point well above the 
center of gravity of the filled hopper. 

This method is quite practical for many applica- 
tions where a continuous level signal is desired 
and a highly precise measurement is not necessary. 
Error is introduced when center of gravity shifts 
occur through irregular solids surface levels and 
bulk density variations within the solids mass. 
Where conditions permit, such errors may be elim- 
inated or made negligible by amplifying the me- 
chanical lever-fulcrum system a bit and suspending 
the hopper from a single pair of pivots on the 
yoke. The movement necessitated by center of 
gravity shifts is then accommodated by a suitably 
flexible or free-swinging discharge. Although 
properly designed flexible connections do not af- 
fect weighing accuracy, the impact effects of en- 
tering solids and the supporting of a portion of the 
hopper contents by solids choked past the exit con- 
nection (not a free discharge) may also contribute 
to error in weighing. 

With finely divided solids, fluidizing techniques 
may be used to reduce the aforementioned errors. 
Free drop effects on input may be lessened by con- 
veying entering solids to the hopper rim on a 
slight incline by belt or by bottom-aerated chute. 
Fluidizing linings for hopper surfaces contacting 
the solids reduce localized packing, arching and 
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Fig. 4—Hopper weighing utilizing 
several measuring elements addi- 
tively to obtain full, exact weight 


highly irregular contents surface. Various arch- 
breaking devices may be employed as well. Thor- 
ough coverage of the exit area with porous fluid- 
izing linings greatly aids free discharge, providing 
better measurement and less chance of flow stop- 
page by packing or arching. 

Where a highly flexible or free-swinging discharge 
connection is not feasible, an accurate alternative 
method of weighing hoppers containing solids, Fig. 
4, is possible. This comprises mechanical scales, or 
by using multiple weighing elements and adding 
their output signals as shown. Where this method 
is used, precautions to eliminate the effects of ma- 
terial input or output and any necessary connec- 
tions to the solids contained are quite justified. 
The more positive measurement is offset by the 
greater complexity, but the method can be re- 
quired for difficult applications in valuable ma- 
terial weighing and in controlled feeding or propor- 
tioning, or where the range of a single weighing 
element is inadequate. 


> Conclusions 


Difficult handling properties of solids require 
that the practices of solids process designers give 
extra consideration to the needs of instrumenta- 
tion. Such attention will permit attainment of the 
advantages inherent in highly continuous processes 
with maximized automatic control. As these ad- 
vantages have been realized in the petroleum and 
chemical processing fields, they have drawn much 
attention and all process industries are trending 
toward the pattern set by these fields. 











Fig. 1—An automatic chain-on-edge machine showing two spray stations. 


The station on the right is equipped with a vertical moving spray carriage 
designed to coat interiors and exteriors of cylindrical objects simultaneous- 
ly. At both stations the object is rotated rapidly to assure uniform coverage 


PNEUMATIC CONTROL 


FOR PAINT 


SPRAYING 


Since compressed air is always avail- 


able for paint spraying, control for an 


By DONALD J. PEEPS 


Vice President, Engineering Director 
The DeVilbiss Co., Toledo, Ohio 


automatic system is logically pneumatic 


> FINISH, important element in almost every 
product sale, has been passed back through 
sales and product engineering to become a proc- 
essing problem. Coating of shells in wartime ac- 
celerated development of automatic means and 
showed that best results were obtained with auto- 
matic spraying equipment instead of the hand 
operated spray gun. Demand for better quality 
and faster, cheaper production processes to com- 
pete in the postwar market has led to wide ac- 
ceptance of automation in finish application. 
Most popular of the recent spray coating sys- 
tems developed by the DeVilbiss Co. to improve 
finish application can be described as a chain-on- 
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edge conveyor equipped with mechanism for auto- 
matic spraying, Fig. 1. The conveyor chain is 
fitted with pins that extend upward and hold re- 
volving spindles which support articles to be 
sprayed while passing the spraying mechanism. 

New developments for the chain-on-edge con- 
veyor automatic system are a device which signals 
the guns that a workholder is empty or full, and 
a positive mechanism for moving guns with the 
work so that a full coat of paint is applied. These 
two devices eliminate excessive spraying which not 
only wastes materials but can jam mechanisms of 
the machine. Clean up time and maintenance are 
reduced. 
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Fig. 3—(Right)—Automatic paint spray 
system with air wash booth and in- 
frared drying equipment. Conveyor 
speed is 4 feet per minute so that 
parts are dry when removed from the 
workholders 


Mechanism which moves spray guns in syn- 
chronization with the work being sprayed has 
means for rapid return to the starting position so 
that the succeeding article to be coated receives 
a full coat, eliminating rejects, rework, or retouch- 
ing at another station. Mechanical cam action re- 
turns guns to the starting position in half the 
spray time, providing smooth movement terminat- 
ed by an air cylinder shock absorber. By lengthen- 
ing cam segments and increasing the space between 
work pieces, the action of following may be pro- 
longed for application of heavier coatings to pieces. 

The skip-spray device is a paint saver because 
the pneumatic pressure sensing element signals 
whether a holder contains a workpiece or is empty, 
Fig. 2. An extended feeler, actuated by work mov- 
ing against it, signals the stationary spray guns 
to either paint a loaded holder or pass an empty. 
The feeler is located “upstream” from the spray 
station—the necessary time delay between actuat- 
ing signal and holder passing the guns is provided 
by dowels in a set of rotating disks. The actuating 
feeler signal positions a dowel on each disk in- 
dicating a loaded or empty holder. As the disks 
rotate the dowels approach other actuating mech- 
anisms, each controlling one of the fixed spray 
guns. Time required for a holder to move from 
the feeler signal station to a spray gun is syn- 
chronized with the time between dowel positioning 


AUTOMATION—November 1954 


Fig. 2—(Left)—Drawing of the apparatus to successively 
actuate spray guns as loaded workholders pass by. 
Time delay between work signal and work passing 
the guns is provided by “storage of information” in 
the rotating disks, lower left 


on the disks and dowel reading by spray gun actu- 
ators. Each gun is “fired” in series as a loaded 
workholder passes. Application at spaced or over- 
lapping intervals is possible by adjusting the 
actuating mechanism. 

Pneumatic pressure, always available at a paint 
spraying installation, was selected as the control 
medium. Electric eye devices could have been used 
but cost would be excessive, not only for the sens- 
ing and control unit but for explosion proof wiring. 
Other devices which signal the paint gun often 
knock smaller articles from the workholders; by 
using controlled air as the transmitting agent, the 
light thrust of the feeler will not dislodge articles. 

Automatic spray coating machines are made in 
a variety of sizes and shapes to meet requirements 
of individual operations. Systems can be equipped 
so that articles will be dry when removed from the 
workholders, Fig. 3, governed by speed, length of 
conveyor chain, as well as material used for the 
coating operation. 

Although maintenance requirements have been 
simplified so that specialists are not required, 
regular schedules for checking, lubricating, and 
cleaning assure optimum finish, and reduction of 
wear and replacement cost. Finish application is 
ready to take a place in the continuous line pro- 
viding faster production and improved product at 
reduced cost. 









































INDUSTRIAL 
PROCESS 
STREAM 
ANALYSIS 


IN THE PAST, the point of optimum efficiency 

or product quality was frequently defined in 
terms of pressures and temperatures at various 
stages throughout a process stream. Monitoring 
or control of product quality was based on meas- 
urements of these secondary variables. Old sam- 
pling methods of questionable accuracy, often re- 
quiring several hours. In the interim, costly proc- 
ess deviations remained undetected. 

More recently, greater emphasis has been placed 
on monitoring or control by means of instruments 
that will analyze the process stream. In refineries 
and chemical plants, careful regulation of proc- 
essing conditions is resulting in an increase in 
standards of quality, reducing the cost of opera- 
tion, and increasing product yield. This is being 
achieved principally by sampling or monitoring 
techniques which immediately show the exact 
chemical composition resulting from various stages 
of a process. 

For more than a decade mass spectrometers have 
produced chemical analysis over wide mass ranges 
in the laboratory. A Consolidated Engineering 
Corp. industrial model is designed primarily for 
routine plant monitoring or operation by inexperi- 
enced personnel. It will monitor a single compo- 
nent in a gas stream continuously, or several com- 
ponents on a repetitive cycle. A complete analysis 
of the stream can be readily performed at the oper- 
ator’s discretion. Speed of response is such that 
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accurate measurement of a compound, or actuation 
of a control device can be obtained within a few 
seconds. 

Every substance has a unique arrangement of 
the atoms within its molecules. Unique, too, is the 
manner in which these molocules break up when 
bombarded by an intense electron beam. These 
two principles are the basis of operation of the 
mass spectrometer. Separation of molecular frag- 
ments, or “masses”, so they can be individually 
identified is achieved electrically by accelerating 
them into a strong magnetic field. Here the dif- 
ferent particles travel in distinct curved paths. 
Any desired group of particles can be made to 
strike a collector target by correct adjustment of 
the accelerating voltage which alters the trajectory. 

The collector itself is connected to highly stable 
amplifying equipment which raises the minute elec- 
trical signals produced by the impinging frag- 
ments to a level suitable for direct indication of 
fragment abundance on meters and chart recorders 
or for operation of servomechanisms and other con- 
trol equipment. 

In graphic form, the relative quantities of all 
fragments formed by a substance constitute its 
mass spectrum, an unmistakable, positive means of 
identification. Since the spectra of all pure sub- 
stances are different, a complex analysis can be 
performed in minimum time by algebraically sub- 
tracting these constituent spectra from the spec- 
trum of an unidentified mixture. In controlling 
chemical processes, adequate indication is often 
provided by continuously monitoring just one rep- 
resentative fragment or mass, whose abundance at 
any one instant is representative of the concentra- 
tion of the component of interest. 

This industrial instrument can determine the 
percentage composition of a mixture when compo- 
nents of the mixture are present in amounts from 
trace quantities to 100 per cent. An attenuator on 
the control panel permits changing the scale of the 
output meter so that detection of some substances 
in concentration as low as 10 parts per million is 
possible. Examples are the monitoring of the acet- 
ylene concentration from an acetylene-forming 
furnace, or the repetitive analysis of the composi- 
tion of a mixed hydrocarbon stream. Provision 
can be made where several process streams can be 
alternately monitored. 

Control of such process variables as tempera- 
tures, feed rate, and reflux ratio with continuous 
stream analysis has proven to be economically su- 
perior to merely adjusting plant variables to some 
point of supposed optimum performance. The mass 
spectrometer can provide continuous stream analy- 
sis which permits optimizing of plant conditions. 
It will readily show pay-out through increased 
product yield, product quality, and operational ef- 
ficiency. 
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Planning and programming 
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automation systems requires © — 


careful and complete study 


to effect desirable economic 


results wa 





AUTOMATIC SYSTEMS 


PROFITABLE APPLICATIONS of automa- 

tion call for an understanding of fundamental 
functions, operations and limitations. Industrial 
executives should have basic background data at 
their command to use in putting this relatively new 
tool to work in places where automation can pro- 
duce profitable results. 

Automation can be economically applied in many 
dispatching, operating and controlling functions. 
Automated processes operate without temperament, 
fatigue or preference as to duties. Automation 
also eliminates from operations many difficult, 
monotonous, repetitive and uninteresting details. 
Automation can’t, of course, do everything. Bas- 
ically its elements are mechanisms that per- 
form routine control and operational tasks. 

Effective automation is premised upon execu- 
tive understanding of automatic systems engineer- 
ing. A technical analysis of man’s job in many 
operations reveals that he is performing varied 
specialized and routine tasks. The primary func- 
tion of automatic systems engineering is to design 
a system in which these specialized routine tasks 
will be done by machines. Technology has ad- 
vanced to the point where this is not only feas- 
ible in many processes but represents the most eco- 
nomical way to do the job. 

In days past men were trained to keep books. 
Later automatic bookkeeping machines were de- 
veloped that took over this laborious bookkeeping, 
doing the job faster and with greater accuracy. 
Today in the factory, machines can read gages, cal- 
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By PHILIP R. MARVIN 


Vice President 
Commonwealth Engineering Co. 
Dayton, Ohio 


culate necessary adjustments and direct operations 
to vary rates of flow, pressure, and the like. 


> Developing the Program 


Sound programs are the starting point in auto- 
matic systems engineering. Men or machines must 
be given job instructions. First they are told what 
tasks are to be performed and how the different 
tasks are to be done. Then they are told about 
the problems they will encounter and how to over- 
come difficulties that may arise. They are also 
told about special safety and precautionary meas- 
ures that must be taken. After this has been as- 
similated they can be told when to start and when 
to stop. The only difference between instructing a 
man and a machine is the way it’s done. 

Instructions are recorded in a great variety of 
ways; by cards with punched holes, by coded film 
or tape, by varying voltages or by means of me- 
chanical or electrical adjustments. In considering 
automatic operations broadly it doesn’t make any 
essential difference how this is done; engineers 
and technicians can make the decision. The impor- 
tant thing is to make certain that the job data are 
complete and accurate. 

Reasonable assurance can be given businessmen 
by engineers that any operation or group of opera- 
tions can be made completely automatic. Unat- 
tended operation is technologically and economi- 
cally feasible for many recognized mechanical, elec- 
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trical or chemical functions. All that automation 
engineers need to be told is the program to be ex- 
ecuted by automatic operations. 

Businessmen haven't found programming easy. 
The reason lies in the fact that the instructions is- 
sued to men haven’t always been complete. The 
performance of either men or machines is serious- 
ly impaired by incorrect or incomplete instructions. 

Complete and accurate programming data are not 
easy to develop but whether operations are to be 
performed by men or machines, complete program- 
ming data are equally important in either type of 
operation. Typical input data are the following: 

1. Sequence of operations—model program. 

2. Sequence of operations—alternate programs. 

3. Specific. operational data—time, temperature, 

voltage, rate of flow, spindle speeds, etc. 

4. Control limits. 

5. Emergency corrective sequences. 

6. Reference data. 


Typical handling of program data is illustrated 
in a vacuum drying sequence. The program calls 
for opening a valve permitting 25 pounds of a slur- 
ry to flow into an empty tank followed by closing 
of the inlet valve. A control check weigher sig- 
nals the presence of 26 pounds of slurry in the 
tank. Reference to stored tolerance data indi- 
cates that a 28-pound charge is the upper limit. 
The 26-pound charge is acceptable but the calcu- 
lating mechanism is signaled to increase the dry- 
ing time by a specified number of minutes for 
each additional pound of slurry. Simultaneously 
a final water content of the slurry is determined 
and sent to the calculating mechanism which then 
refers to its memory component to find the drying 
time factor for a slurry with this water content. 
So it goes with the operation relying on basic pro- 
gramming data throughout. 

Actual programs are quite complex. They must 
include full details on sequential and concurrent 
operations. Speeds, feeds, size, time, temperatures, 
pressures, rate of flow, voltages and phase rela- 
tionships are only a few of the factors to be con- 
sidered. 


> Programs Must Be Stored 


Programs built-in or stored must include not 
only all of the programming data but data for 
checking performance. The control information 
must define the allowable limits both plus and 
minus for each phase of the operation. Pres- 
sures, voltages, and dimensional measurements, for 
example, must be controlled within established 
limits. 

In addition, sequences must be designed to cor- 
rect operations when actual performance deviates 
too far from acceptable performance tolerances. 

Man feeds orders into the automated operation 
by setting controls, by telephone, by radio, by push- 
ing buttons or other means. While the automatic 
installation is in operation on one program, if or- 
ders are received to switch to another, it must put 
this new program into operation. 
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> Programs to Direct and Control 


The following functions must be performed in 
applying stored data to direct and control opera- 
tions: 


1. Orders must be accepted. 


2. A program of sequential and concurrent op- 
erations must be selected. 


3. Operating data are computed. 


4. Operations are started, regulated, timed and 
stopped. 


5. Operations are audited. 


6. Continuous control checks are run on opera- 
tions. 


7. Drift and deviations are corrected. 


8. Calls for assistance in advance of major me- 
chanical, chemical or electrical failure are 
made. 

9. Adequate safety and precautionary measures 
are taken. 

10. Operations are shut off when preset limits are 
reached. 


By these ten steps programs are applied in di- 
recting automatic systems. At the same time the 
operations are monitored in order that programs 
may be altered to compensate for conditions aris- 
ing within the operations. In this manner flex- 
ible dynamic direction is applied to the automatic 
system. 

Reliable direction must be guaranteed. Perform- 
ance at all times is regulated according to preset 
programs and tolerances. Departures from these 
plans in the system are controlled by pre-estab- 
lished safeguards. A reliability factor is predeter- 
mined on the basis of: 


1. No mistakes. 
a. Standby equipment switches in. 
b. Operation is discontinued. 


2. Acceptable number of mistakes. 
a. Warning that errors are increasing. 
b. Corrective steps initiated. 
ec. Complete shut-off, automatic, when preset 
limit is reached. 


Reliability of automatic operations can be estab- 
lished in advance to conform with requirements of 
the job to be done. Seldom is this possible when 
dealing with operations involving a high degree of 
the human element. More and more, we see ma- 
chines checking on men. Automatic systems engi- 
neering takes full advantage of this money-saving 
contre! feature. 

The ultimate aim of automatic systems engineer- 
ing is to develop self-managing systems. Details 
of the system itself are determined by specific re- 
quirements of the job to be done, by an analysis 
of this job. 

Soundly engineered for specific performance, au- 
tomatic systems represent optimum production de- 
sign in controlled and economical output for in- 
dustrial and commercial operations in days ahead. 
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me THEORY GIVEN so far is purely analytical, 

and can only tell us if a servo with given 
characteristics will be satisfactory. The next step 
to investigate the means of improving the per- 
formance of servos, which from the mathematical 
standpoint means modifying their transfer func- 
tion to achieve whatever characteristics may be 
required by the functions which the servo must 
fulfill. 

One important method of performance improve- 
ment is the use of “passive networks”, components 
not connected to a power source, and having cer- 
tain specified transfer functions. These networks 
are inserted in the loop, and their transfer func- 
tion is then added as an extra factor in the open- 
loop transfer function of the complete system, thus 
modifying the latter. Another method, also widely 
used, is to have “subsidiary loops’; this method 
is best understood from examples, which will be 
given presently. A third method, applicable only 
to servos in which the output is of a mechanical 
nature—displacement or velocity—is to connect 
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the load to some form of damping device. This 
last method is not very often used, and is in prac- 
tice applicable only to low power systems. It will 
not be described further, but it is worth noting 
that hydraulic apparatus often has appreciable in- 
herent damping, which may help in improving its 
performance. 


> Passive Networks 


One frequently used passive network is the 
“phase advance” type, which is defined as one 
with a transfer function of the type 


K(1i+t,s) | 
"eae * with t; > te 

k being some constant (inevitably) less than unity, 
called “attenuation” (‘‘attenuation” describes a 
gain less than unity). This may be regarded as an 
approximation to the “proportional plus derivative” 
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characteristic 1 + t,s, which is not physically 
realizable. 

It is instructive to consider an electric phase 
lead network, shown in Fig. 10, and consisting of 
resistances R, and R, and a condenser of capacity 
C. The input and output signals are electrical po- 
tentials ZH; and E,, and it is assumed that the out- 
put impedance is infinite, the output being prac- 
tically open-circuited. It is easily shown that the 
transfer function of this network is 


E, a (1 + ts) 


EK 1 + atys 
where f, (R, + R.)C and 


Ri 
R, + Re 


The corresponding frequency response is shown 
in Fig. 11. The attenuation is a at zero frequency 
and unity at infinite frequency; phase angle is 
zero at zero and infinite frequency, and leading in 
between. The attenuation a is invariably compen- 
sated, or even more than compensated, by increas- 
ing the gain factor of some other component in the 
system. 

Fig. 12 shows a typical frequency response locus 
for a servo which it is desired to improve by adding 
a phase lead network. It is assumed that the 
degree of damping is just adequate, the curve be- 
ing tangent to the M — 1.4 circle, as shown. Time 
constants of the network are chosen so that fre- 
quency », corresponding to maximum phase lead 
(see Fig. 11) is equal to cut-off frequency , of the 
original servo, as shown in Fig. 12. Gain of the 
remainder of the system is increased so as to com- 
pensate exactly the attenuation of the network at 
the frequency »; = w,. Hence at that frequency 
the effect of the network is to reduce the phase 
lag of the servo without affecting its gain, the point 
», on the servo locus will rotate counterclockwise 
about the origin; the resulting modified locus is 
shown dotted in Fig. 12. Degree of damping is 
now higher than necessary, and it is therefore 
possible to allow a still further increase in the 
loop gain factor K without exceeding the M 1.4 
criterion. This will result in raising the cut-off 
frequency, scale of the dotted locus being increased 
in proportion to the further increase in the gain 
factor. Final-increase in overall gain factor may 
partly or wholly compensate, or even overcom- 
pensate, the low frequency attenuation of the 
network. 

Final result is that the cut-off frequency will 
have been raised, thus improving the high-fre- 
quency performance of the servo, and reducing 
transient errors. The zero frequency gain, or gain 
factor K, may be slightly reduced, causing an in- 
crease in steady-state errors, but in favorable 
ceses K will be unaffected or even increased. If 
the stability of the uncompensated servo was in- 
adequate, the network would have improved it, 
probably at some cost to the low-frequency per- 
formance. 
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It will now be appreciated that the mechanism 
shown in Fig. 3 (see Part I—Oct. AUTOMATION ) 
is merely a mechanical phase lead network. In 
contrast to the electric network of Fig. 10, the 
quantity being ‘‘processed’’, which in this case is 
mechanical motion, is not attenuated at low fre- 
quencies, the gain factor of the network being 
unity. The laws of nature are not to be so easily 
cheated, however, and the price to be paid is that 
the force transmitted is attenuated at high fre- 
quencies. 

Another important network is the “phase lag” 
type, which has a transfer function of the type 


K(1 + 1s) 


jnenwrnnpa ll 
1 + tes a> 


Ratio of the two time constants in both lead 
and lag networks is usually somewhere between 10 
and 20. An electrical phase lag network is shown 
in Fig. 13. Its transfer function is 


E, 1 + ats 
E; 1+ ts 


R, 
with ft, (R, + Re) C anda = — 
R,+ Re 


The response locus is shown in Fig. 14. Phase 
angle is zero at zero and infinite frequency, and 
lagging in between. Attenuation is unity at zero 
frequency, and a at infinite frequency. 


Fig. 15 shows the Nyquist plot of a servo, per- 
formance of which is to be improved by the inser- 
tion of a phase lag network. It is assumed again 
that the degree of damping is just adequate. The 
network is used in conjunction with an increase of 
1/a in the gain factor of the system, so that the 
net effect is to give no change of gain at infinite 
frequency, and an increase in gain of 1/a at zero 
frequency. The time constants of the network are 
so chosen that appreciable phase lag and gain in- 
crease are restricted to frequencies substantially 
below the cut-off value. Thus the high-frequency 
portion of the locus will remain practically un- 
affected, while at low frequencies there will be 
some increase in gain, together with increase in 
angle of lag. The resulting modified locus is shown 
dotted in Fig. 15, and it is seen that the degree of 
stability (or damping) of the servo is practically 
unimpaired, increase in lag being harmless if re- 
stricted to low frequencies. Net result therefore 
is that the cut-off frequency is unaffected, and the 
gain factor has been increased by 1/a, resulting in 
a proportional reduction in steady-state errors. 

Networks combining the properties of phase 
lead and phase lag types are quite feasible, and 
extremely useful in some cases. 


> Subsidiary Loops 


Additional feedback loops may be introduced 
into a servo system for several reasons. Chief 
instances are: 

1. Servo may be a convenient type of component 

to uSe as a member of some more complex 
servo. For instance, the elementary hydraulic 
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position servo of Fig. 1 (See Part 1—Oct. AUTO- 

MATION) may be regarded as a force amplifier, 
and is often used as such in more elaborate 
systems. 

2. Feedback (or at least negative feedback, which 
is the only kind discussed so far) has the prop- 
erty of “linearizing”’ nonlinear components; thus 
the characteristic steady-state equation of a 
servo is 6, = @,, Which is as linear as could be 
desired, irrespective of the characteristics of the 
components in the loop. 

3. Subsidiary feedback loops are often a conven- 
ient means of modifying the transfer function 
of the system, and may be used instead of pas- 
sive networks, to which they are often prefer- 
able. The present discussion is concerned with 
this application only. 

One very useful device is local feedback through 

a passive network around an amplifier. Fig. 16 
shows an amplifier with gain factor k,, having 
around it a feedback loop through a network with 
a transfer function k./ (1 + t,s). If x and y are 
the input and output of the complete subsidiary 
loop, we have 





If k,k. is made large as compared with unity, this 
equation becomes the transfer function of a 
phase lead network, plus if required an additional 
gain factor 1/k., which may be substantial if k, 
is made very high. Many other transfer functions 
are obtainable by similar means, while the use of 
feedback is beneficial to accuracy. 

One particularly important form of subsidiary 
loop is that known as “velocity feedback”. A signal 
proportional to the rate of change of the output 
(or “output velocity”) is obtained, and fed back 
to be subtracted from the signal at some early 
stage in the chain, most often at the earliest 
possible stage, immediately after the differential. 
The resulting block diagram is shown in Fig. 17, 
the component which generates the velocity signal 
having the transfer function Gs, where G is a con- 
stant. This can only be obtained as an approxi- 
mation, though a very close one in practice. If 
KY (s) is the transfer function of the forward 
portion of the loop, the basic equation becomes 
8, = KY(s) (e — Gs®,) 

Which gives 
0, KY(s) 


e 1+GKsY(s) 
The effect of velocity feedback is best studied by 


considering the inverse loop transfer function e/®,, 
which becomes 


52 

























e 1 
0, KY(s) 


For a harmonic input the inverse open loop re- 
sponse thus changes from 1/KY(jw) to 


1 
KY (jo) 


+G + jw 

Thus the effect of velocity feedback on the inverse 
frequency response locus is to add the vector G.jw. 
Fig. 18 shows a typical inverse open loop response 
locus. Adding a vector G.j. would shift a point 
such as P to Q, where PQ Gw. The locus (if 
it is of the type shown) is thus bent away from 
the danger point —1, 0, ie. the degree of damping 
is increased, or alternatively the gain of the sys- 
tem can be increased, thus raising the cut-off fre- 
quency. The effect of velocity feedback is thus 
similar to that of phase advance. There is one 
difference, in that velocity feedback inevitably has 
an unfavorable effect on the steady-state velocity 
error, whereas phase advance does not suffer from 
this drawback. However, if this effect can be 
tolerated velocity feedback is often the more con- 
venient solution. 

A somewhat similar device is acceleration feed- 
back, which results in adding a vector G.(jw)?* 

Gw* to the inverse locus, thus shifting the point 
P in Fig. 18 to R. Acceleration feedback has no 
adverse effect on steady-state velocity error. 

In electric servos, a velocity signal is usually 
obtained by means of a tachometer generator. 
Methods applicable to hydraulic servos will be 
discussed later. 


> Servo Apparatus in General 


Our discussion of purely theoretical aspects of 
servo systems is now complete, but before pro- 
ceeding to the specialized technology of fluid pres- 
sure servos it is useful to make a brief review of 
servo apparatus in general, which may be electric, 
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mechanical, hydraulic, or pneumatic. Mechanical 
servcs may be built up from elements such as 
slipping clutches or variable speed gears, but these 
have only received scant application as yet, and 
need not be discussed further. 

The true character of a servo is determined by 
its final or high power stages, i.e. amplifier (or 
sometimes say the last two amplifier stages) and 
motor. These last stages are governed by consid- 
erations often quite different from those which 
apply to signal transmission gear, passive net- 
works, and other low power devices. In particular, 
it is often found that electrical apparatus forms 
the most convenient solution as regards signal 
transmission, passive networks, and sometimes 
other components, even when the final stages are 
hydraulic. Some knowledge of the relevant elec- 
trical apparatus is therefore necessary to the de- 
signer of hydraulic servos, and a brief treatment 
of this will be given presently. 

In purely electric servos, the motor element is 
almost invariably an ordinary electric motor (or- 
dinary, that is, in its principle; the detail design 
may be specialized) of the continuously rotating 
type, followed by reduction gearing. There is a 
very wide choice of possible power amplifiers, 
which may be relays (or even plain switches), 
variable resistors, ordinary electronic amplifiers, 
thyratron amplifiers, stationary magnetic ampli- 
fiers (‘‘transductors”) dependent upon saturation 
effects, and rotary magnetic amplifiers, i.e. vari- 
able generators such as the Ward-Leonard and its 
derivatives, e.g. the Amplidyne. All of these devices 
have their limitations, and it is only the last class 
that is suitable for really high powers. 

In comparing electric and hydraulic servos, it 
should be remembered that the latter are of two 
basic types, those based on control (or “ampli- 
fication’”’) by a valve, and those using variable de- 
livery pumps as amplifiers. The latter achieve 
high efficiency in power conversion—they do not 
depend upon power dissipation for their action— 
and are comparable from this standpoint to elec- 
tric servos using variable generators; the com- 
plexity of the power amplifier stages is also com- 
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parable in the two cases. Valve-controlled hy- 
draulic servos are more or less comparable to most 
other electric types, but are suitable both for high 
and low powers. They are extremely simple, 
although it should be kept in mind that they re- 
quire a pump and its driving means, whereas elec- 
tric power is often available without special pro- 
vision. In weight and compactness hydraulic am- 
plifiers are far superior to electric types—except 
relays—but part of this advantage may be sacri- 
ficed if the pump is electrically driven. 

Hydraulic motors of the cylinder type are in- 
comparably simpler and more compact than elec- 
tric motors plus reduction gearing. They have 
their limitations, however, because of the elasticity 
of the high volume of oil which they contain, and 
which has an adverse effect on performance in 
some cases. Therefore it is sometimes necessary 
to use rotary hydraulic motors, which still require 
reduction gearing, and are comparable in complex- 
ity with electric motors, though much lighter 
and smaller. 

As regards performance, all forms of hydraulic 
motors are far superior to their electrical counter- 
parts. The reason for this resides in the fact 
that they have a far higher ratio of torque (or 
force for cylinders) to inertia. This ratio is a 
rough measure of the maximum loop gain which 
may be achieved without incurring instability, and 
therefore of accuracy obtainable from the servo. 
Significant quantity of course, is the combined in- 
ertia of motor and load, but even with high in- 
ertia loads the advantage of hydraulic drive re- 
mains very strong. 

Reason for lower inertia of hydraulic as opposed 
to electrical actuating devices is fundamental; as 
pointed out by J. M. Ford’, besides the weight of 
copper and iron involved in electric motors, they 
are limited by the fact that the tractive force 
between a magnet pole and an armature separated 
by an air gap in which flux density is 10,000 lines 
per square centimeter is somewhat less than 60 psi 
whereas the corresponding “stress” in hydraulic 


‘4 References are tabulated at end of article. 
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apparatus is working pressure, which 
may be several thousand pounds per 
square inch. 

In the case of high power servos re- 
quiring rotary magnetic amplifiers, hy- 
draulic apparatus may have a similar 
though slighter advantage in the power 
amplification stage. Electrical induc- 
tance gives rise to time lags, to factors 
of type 1 + t,s or 1 + ¢,s + t,2s? in 
the denominator of the loop transfer 
function, which have an unfavorable 
effect on performance if the time con- 
stant ¢, or ¢, is high. Time lags are 
inherent in all apparatus, but those in 
corresponding hydraulic amplifiers are likely to 
be smaller. 

In the result, hydraulic servos may show up to 
great advantage where the performance require- 
ments are particularly severe, such as in heavy 
naval gun control, or in guided weapons. This is 
well illustrated in the following quotation from 
S. Y. Lee and J. F. Blackburn’s, “Contributions to 
Hydraulic Control’’!°: “In certain servomechanisms 
.... the acceleration requirements were so severe 
that no existing electric motors could be used, and 
the chance of developing satisfactory motors seemed 
rather remote. Accordingly, the laboratory started 
a program of research and development of... . 
hydraulic servos.” 

In aircraft applications, hydraulic servos are 
usually adopted for the sake of their lightness, 
while in other cases, such as copying machine 
tools, simplicity may be the main consideration. 

As regards pneumatic servos, the situation is 
different in many respects. Their performance is 
rarely of a high order, and they are not suitable 
for high powers. On the other hand, their sim- 
plicity is extreme—which also implies low cost— 
and this is sufficient to justify their choice for cer- 
tain applications, of which process control is by 
far the most important. 


> Data Transmission Systems 


The transmission of electric signals presents 
no particular problem. For the distances encount- 
ered in servos, the transmission of hydraulic pres- 
sures or flows is also quite easy, although the elas- 
ticity of the oil in the pipes may not always be neg- 
ligible, and is always detrimental. In pneumatic 
process control installations, where distances are 
often appreciable and pressures low, the elasticity 
of air in the pipes usually has to be taken into 
account, but apart from this transmission of pneu- 
matic signals offers no serious problem. 

In position servomechanisms, where input and 
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Error voltage 


output are mechanical displacements, the input 
and output ends may often be at an appreciable 
distance apart, and the transmission of mechanical 
displacements may be quite an awkward problem, 
especially if the path to be followed includes a 
number of turns. Ordinary mechanical linkages 
consisting of cables or push rods, levers, torque 
shafts, etc., may be awkward and expensive to in- 
stall, and are subject to inaccuracies due to elas- 
ticity, backlash, and friction; sometimes also elas- 
tic deflection of mounting points may be appreci- 
able, particularly on aircraft, and may introduce 
unwanted feedbacks which may have a destabiliz- 
ing action, although this last effect can always be 
avoided by careful layout of the linkage. For all 
these reasons, in many cases it is convenient to re- 
sort to some more sophisticated method of data 
transmission than mechanical linkages. These 
methods usually perform the function of error 
measurement as well as transmitting displacement 
signals. Electrical data transmission apparatus 
is by far the most effective and convenient, pro- 
vided the necessary power supply—which in the 
most efficient methods is high frequency ac—can 
be made available without too much difficulty. 
One commonly used electrical data transmission 
system is that based on the Wheatstone bridge, 
shown in Fig. 19. The bridge is formed by two 
potentiometers located respectively at the input 
and output ends, wiper arms being actuated by 
input and output signals, which are by assump- 
tion mechanical displacements. Potential differ- 
ence between the wiper arms is then a measure of 
the error. This potential may then be applied 
to an electro-mechanical transducer (of which 
more will be said) which will drive a hydraulic or 
pneumatic valve. In practice the electric signal 
obtainable will be very weak, and electronic am- 
plification may be necessary unless only quite low 
accuracy is called for. This may make this par- 
ticular system inconvenient for hydraulic or pneu- 
matic servos, although it should not be put out of 
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consideration in all cases. 

The hydraulic or pneumatic equivalent of Fig. 19 
is quite feasible, error signal then being obtained 
as a pressure difference which is applied to a 
small spring-centered cylinder, which can drive a 
valve. Accurate hydraulic or pneumatic poten- 
tiometers are, however, rather difficult to devise, 
while temperature effects on viscosity may intro- 
duce additional errors. Hence, such systems are 
seldom used. 

The most effective electrical data transmission 
systems are those which make use of devices 
called “synchros”, which are not unlike miniature 
ac motors, and require a single-phase supply at 
a frequency which may be of the order of 400 
cycles per second. One of the several possible syn- 
chro systems is shown in Fig. 20. Receiver and 
transmitter units are identical, and have their 
rotors driven by the output and input signals re- 
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spectively; these rotors carry single-phase wind- 
ings, that on the transmitter being connected to 
the ac supply; the stators carry three-phase wind- 
ings which are interconnected as shown. The re- 
sult of this arrangement is that a single-phase ac 
potential is induced in the receiver rotor winding, 
which will vary with the misalignment (error) 
of the two units; the magnitude of the potential 
is proportional to the error, while its phase angle 
relative to the supply is zero or 180 degrees de- 
pending upon the sign of the error. This potential 
is fed to an electronic phase-sensitive detector, 
which produces a de potential proportional to the 
error, at least roughly. The de signal can again 
be applied to an electromechanical transducer, after 
amplification if necessary, the transducer being 
used to drive a valve. 

The necessity of using electronic apparatus rules 
the above system out for many hydraulic servos. 
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Where electronics can be tolerated however, it has 
distinct advantages. Initial or error signal is often 


very weak, and weak signals are rather difficult - 


to deal with in hydraulic or pneumatic apparatus, 
which requires appreciable driving forces, whereas 
such signals are quite easy to amplify electronic- 
ally. 

Fig. 21 shows another type of synchro system, 
which is not open to the objection of requiring 
electronics. Transmitter and receiver units are 
the same as those in the previous example, and 
their rotors are again driven by input and output 
signals respectively, but both rotor windings are 
connected to the ac supply. The system further 
comprises another type of synchro unit, called 
“differential motor” or “hunter”, in which both 
rotor and stator have three-phase windings, which 
are connected to the stators of the transmitter and 
receiver units, as shown. The emf’s induced in 
the transmitter and receiver stators cause a torque 
to be exerted on the hunter rotor, which will van- 
ish only when the transmitter and receiver units 
are in alignment, or when the hunter rotor is dis- 
placed by an amount roughly equal to the error. 
The hunter rotor will thus move by an amount 
equal to the error, and may be directly connected 
to a sensitive hydraulic valve. 

To obtain very high accuracy (2 minutes of arc 
is feasible) two-stage or ‘“coarse-fine’’ synchro 
systems are used, the fine stage being geared up 
to execute a fairly large number of revolutions 
over the total input and output travel. The 











coarse stage performs less than one revolution, and 
is necessary because in its absence the fine stage 
units could get out of step by one or more turns. 
Automatic discriminating devices must be used 
with this system, detailed description of which is 
beyond our scope. 

Synchro systems have transfer functions dif- 
ferent from unity, which must be taken into ac- 
count in designing the complete servo. Since the 
units are stock items, these transfer functions 
must be obtained from the manufacturers, or by 
experiment—frequency response measurements. 
More detailed information on data transmission 
systems can be found in most textbooks and writ- 
ings®* on servos. 


> Electromechanical Transducers 


With the electric data transmission systems of 
Figs. 19 and 20, the error is obtained as an elec- 
trical potential. In order to actuate hydraulic or 
pneumatic apparatus, this must be converted to a 
mechanical displacement or force, and apparatus 
which performs this task is called an electrome- 
chanical transducer. In some servos, particularly 
radar tracking gear and guided missile mechan- 
isms, input or error is by the very nature of the 
device an electrical quantity, and a transducer is 
unavoidable. 

The usual form of transducer is similar to a mov- 
ing coil loudspeaker movement, or very often an 
actual loudspeaker movement is used. Under static 
conditions this type of unit will produce a force 
proportional to the coil current, and therefore to 
the applied voltage. In most cases it is desirable 
to produce a given movement, not force, and the 
coil, or the component which it drives, is then 
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fitted with centering springs. To obtain good ac- 
curacy the force exerted by the spring must be 
high in relation to the frictional or other variable 
forces which the transducer must overcome. In 
some cases the transducer voltage-force character- 
istic may be utilized directly; this case will be dealt 
with in more detail later. 

Let E be the applied emf, B the flux density, 1 
the length of the wire in cm, 7 the current, F the 
force exerted on the coil, R the resistance of the 
coil, L the inductance of the coil, m the mass of 
the coil and any parts attached to it (in grams), g 
the rate of the centering springs in dynes/cm. 
Then we have F Bu /10 dynes (ms? + g)a, 
where s stands for d/dt. The current is given by 
I= (EF E,)/(R + Ls) where E, is the back 
emf, which is given by E, Blsx/108. Combin- 
ing the above equations gives the transfer function 
of the transducer as 


2 Bl 
E 10 [mLs* + mRs? + (gL + 10° B2l?)s + Rg] 


The frequency response is obtained by substi- 
tuting j» for s in the usual way. If the trans- 
ducer is an actual loudspeaker movement, in order 
to give a satisfactory response the denominator 
terms in s, s* and s* must not be too large as com- 
pared with the last term Rg, within the audio fre- 
quency range. Now the frequencies of interest for 
most servomechanisms are distinctly below the 
audio range, and hence for servo purposes all de- 
nominator terms but the last may be neglected, 
and the transfer function is given sufficiently close- 
ly by the static characteristic X/E BI1/10Rg. 

The above argument applies only if the mass 
of the component driven by the transducer is not 
substantially greater than the mass of the loud- 
speaker cone for which the movement is designed. 
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If this is not the case, the term mRs* may not be 
negligible even at comparatively low frequencies. 
The term mLs* may still be neglected as Ljw must 
be small in comparison with R at audio frequencies. 
The resulting characteristic would be unsatisfac- 
tory as the damping term, i.e. the term in s, would 
be small, causing a high resonance peak near the 
natural frequency of the coil. In practice, any 
valve driven by the coil will most often have a 
certain amount of viscous damping, which can be 
deliberately increased if necessary. If the damping 
force is Dsx, the transfer function then becomes 
approximately 
x Bl 
ms? Ds 
10 Rg ( + - + 1 ) 
g g 

Quite recently attempts have also been made to 
use piezo-electric transducers for driving servo 
valves. These have the advantage of simplicity 
and small size. 


> Mechanical Differentials 


In those position servomechanisms in which the 
data are transmitted by mechanical linkages, some 
form of differential must be used to subtract the 
output from the input and obtain the error signal. 

A very simple form of differential for linear mo- 
tions in the floating lever shown in Fig. 1. An 
alternative is the scissors linkage shown in Fig. 22. 
For rotary motion some form of epicyclic differen- 
tial gear may be used, an example shown in Fig. 23. 

Very often the most convenient method of sub- 
tracting two mechanical motions is that shown in 
Fig. 24, which illustrates a servo strictly equivalent 






























to that of Fig. 1, but with the valve mounted on 


the cylinder. Fluid must be supplied to the valve 
through flexible pipes or, if the travel is small, 
through sliding joints. Equivalent methods suit- 
able for rotary motion are easily devised, in this 
case fluid must be supplied through rotary joints. 

A lever differential of the type of Fig. 1 is con- 
venient as a diagrammatic illustration of a sub- 
tracting or adding device, but wherever this will 
be shown in subsequent illustrations it should be 
read as schematic only, and it should be under- 
stood that a construction such as that of Fig. 24 


REDUCTION in both operating time and storage 
space requirements through mechanized materials 
handling is possible when electric industrial trucks 
take over materials handling. General Metal 
Products Co. uses fork lift trucks for normal shop 
box handling and movement of dies from die stor- 
age to presses, and also has utilized these trucks 
for small parts handling. 

With a hand-truck system, shop boxes could 
only be stored at floor level. Using a fork lift, the 
boxes can be stacked four high—quadrupling ca- 
pacity of the former storage area. This same study 
revealed that by substituting an electric-powered 
truck for a two-wheel hand truck, GMP had realized 
time savings in servicing dies to presses. 

Production of fabrications and assemblies con- 
stitutes a major portion of GMP’s operation. With 
small parts in particular, volume processing re- 
quires efficiency all along the line. The fabrica- 
tions department produces a wide range of prod- 
ucts, from precision typewriter parts and kitchen 
toaster parts to structural members of tractors. 
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could also be used, and would in fact be preferable 
in many cases. 

If the force available at the input end is not too 
small, a convenient method sometimes is to convert 
input and output motions to forces, by means of 
springs. These forces are easily subtracted to give 
an error signal, as shown in Fig. 25. This method 
avoids backlash. 

Third part of this series, to cover basic servo 
elements, will appear in the December issue. 


REFERENCES 


3. Proceedings of Convention on Automatic Regulators and Servo- 
mechanisms, Institution of Electrical Engineers, Volume 94 
Part IIA, London, 1947: (a) J. Bell—‘‘Data Transmission 
Systems,’’ (b) J. E. M. Coombes—‘‘Hydraulic Remote Posi- 
tion,’’ (ec) G H. Farrington—‘‘Theoretical Foundations of 
Process Control,’’ (d) J. W. Broadhurst, T. C. Brodrick, A. W. 
Foster and G. E. Wheeldon—‘‘Automatic Control in the Chemi- 
cal Industry."’ 


“3 


Proceedings of Conference on Hydraulic Servomechanisms, In- 


stitution of Mechanical Engineers, London, 1953: (a) H. G 
Conway and E. G. Collinson—‘‘An Introduction to Hydraulic 
Servomechanism Theory,’’ (b) N. F. Harpur—‘‘Some Design 
Considerations of Hydraulic Servos of the Jack Type,’’ (c) T. E. 


Power Transmission 
Ford— Discussion, 


‘*Variable-stroke Pumps for 
Considerations,’’ (d) J. M. 
Discussion. 


Beacham 
Some Design 
(e) P. F. Foreman 


8. Proceedings of Conference on Hydraulic Servomechanisms, In- 
stitution of Mechanical Engineers, London, 1953, P. J. Palmer 
“The Forces of the Piston Track of a Variable Capacity Type 
of Hydraulic Pump.”’ 


9. R. Hadekel—‘‘Hydraulic Control Systems,’’ Machine Design, 
April-August, 1953. 

10. S. Y. Lee and J. F. Blackburn—‘‘Contributions to Hydraulic 
Control."’ 1 ‘Steady-State Axial Forces on Control-Valve 
Pistons.’’ 2. ‘‘Transient-flow Forces and Valve Instability,’’ 


ASME Transactions, August 1952, New York 






To speed production in this department, the firm 
employs a special fork lift truck, designed by the 
Automatic Transportation Co., equipped with a 
“roll-over” or revolving clamp attachment. Barrels 
of small parts are transferred to parts feeding 
hoppers into position for the next manufacturing 
operation by truck. Up to twenty such transfers 
can be accomplished per hour by one truck oper- 
ator. 

Although the primary purpose of this fork truck 
equipped with revolving clamp is to supply small 
parts to feeding hoppers, it is also used for such 
operations as transferring parts from processing 
containers into shipping containers. Other times 
it has been used to transfer refuse or scrap to the 
scrap pit, and in maintenance work in setting mo- 
tors and other parts onto equipment. 

Before acquiring this unit with revolving clamp, 
press operators fed their own hoppers by stooping 
to pick up parts from a small container at their 
feet, an operation obviously not suited for eco- 
nomical automation. 
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CHARACTERISTICS 
OF AUTOMATIC CONTROL 


401. The ACTUATING SIGNAL is the difference at any 
time between the reference input and a signal related to 
the controlled variable. 


402. DEVIATION is the difference between the actual 
value of the controlled variable and the value of the con- 
trolled variable corresponding with the set point. 


403. OFFSET is the steady-state difference between the 
control point and the value of the controlled variable cor- 
responding with the set point. 


Offset is an inherent characteristic of positioning controller 
action. 


404. CORRECTIVE ACTION is the variation of the 
manipulated variable produced by the controlling means. 


405. CYCLING is a periodic change of the controlled vari- 
able (Oscillation is a synonymous term). 
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(continued on next page) 
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AUTOMATIC CONTROL TERMINOLOGY 


406. The REFERENCE INPUT is the reference 
signal in an automatic controller. 


The reference input is the output signal of the refer- 
ence input elements as determined by their response 
to the set point input signal. It has the same units 
as the primary teedback. 


407. The SET POINT is the position to which the 
control-point-setting mechanism is set. 


Where the automatic controller possesses a set-point 
scale, the set point is the scale reading translated 
into units of the controlled variable. Where a setting 
scale is not provided, the set point is the position 
of the control-point-setting mechanism translated 
into units of the controlled variable. 


In some types of automatic controllers, for example, 
those with the two position differential gap, floating 
with neutral or proportional-position action, the set 
point is related to the position of a range of values 
of the controlled variable. The set point is often 
selected as the center of this range of values. 


The set point may be varied manually or by auto- 
matic means, such as in time-schedule or ratio 
control. 


408. The CONTROL POINT is the value of con- 
trolled variable which, under any fixed set of con- 
ditions, the automatic controller operates to maintain. 


In some types of automatic controllers, for example, 
those with two-position difterential gap or floating 
with neutral controller action, the control point 
becomes a control range of values of the controlled 
variable rather than a single value. 


In_ positioning-type controller action, the control 
point may lie anywhere within a predetermined 
range of values of the controlled variable. The control 
point may then difter from the set point by the 
amount of offset. 


In floating controller action with zero neutral zone, 
the control point and the set point coincide. 


409. PRIMARY FEEDBACK is a signal which is 
related to the controlled variable and. which is com- 
pared with the reference input to obtain the actu- 
ating signal. 
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SERVO 


POSITIONING 


By WALTON RAINEY 
Electrical Engineer, Wiedemann Machine Co 
Philadelphia, Pa 


Much has been said but little seen of electronic 


applications in machine tools. Here isa system 


that can be applied to many indexing problems 


INCREASING POPULARITY of fully auto- 

matic operations has created a demand for 
automatic positioning. For the machine tool build- 
er, positioning is a waste movement that must be 
done quickly and, as important, accurately. De- 
scribed here is a servosystem applied specifically to 
a turret punch press, but basic enough to expect 
application on other equipment. 

The machine to which this servosystem was ap- 
plied, Fig. 1, is a Wiedemann 80-ton turret punch 
press with compound gaging table. Punches and 
dies on upper and lower turrets respectively are 
matched and maintained in alignment by retract- 
able locking pins inserted in bushings around the 
turret periphery. Turrets, which weigh approxi- 
mately 24% tons when fully tooled, are chain con- 
nected to a common shaft at the power drive. 

Before the servosystem was applied, a manual 
control system had these features—a manually 
operated selector switch to retract the turret lock- 
ing pins, a manually operated run-jog control de- 
vice to position the turrets, and a manually oper- 


Article based on a paper presented at the 18th Annual Westing- 
house Machine Tool Electrification Forum in Buffalo, April 1954. 
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ated selector switch to return the pins to locking 
position. The number of manual operations in 
using the run-jog control was almost indeterminate, 
and depended upon the skill and interest of the op- 
erator. A certain indexing operation requiring 5 
seconds by one operator would run as high as 15 
seconds with another; daily average was approxi- 
mately 10 seconds. Obviously, to increase machine 
productivity, it was necessary to convert as many 
of these manual operations to automatic control 
as possible. 

The servosystem has an average indexing time 
of 4 seconds, brought about largely by substitution 
of a single high-speed manual operation for the 
several manual operations formerly required. Ac- 
tually, the time saved in the indexing operation is 
more important than may appear at first. Now, 
while the servo is functioning, the operator can 
concentrate his attention on positioning the work 
for the next punching operation. It is believed 
that the application of automatic controls for in- 
dexing operation on machines of this type will re- 
duce the floor to floor time by 10 to 20 per cent 
over other methods using manual control. 
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> Design Conditions 


In addition to automation of existing manual 
operations, it became apparent in the early design 
stages that the positioning control required 

1. A direction-sensitive device which would limit 

angular travel to a maximum of 180 degrees. 

2. A power drive with reversible, variable-speed 

characteristics. 


3. If possible, some means for obtaining dead-beat 
characteristics. 


To keep the servomechanism simple as possible, 
full advantage was taken of pins used to lock the 
turrets in place. These inherently made available 
means for precise angular location as well as for 
dead-beat positioning. The initial endeavor was 
to achieve a system wherein the turrets would 
enter an electrical dead-band region so that turret 
locking pins could be released from a retracted po- 
sition to contact the turret periphery. In this way, 
final registry would provide accurate, dead-beat po- 
sitioning. Use of turret locking pins also provides 
means for eliminating undesirable effects of ran- 
dom disturbances at the turret, and by suitable 
auxiliary locking device, similar effects at the 
command station. With these eliminations, a vari- 
able-speed servomotor would not be required; the 
power drive could be an induction motor suitable 
for jogging service, and operated by the familiar 
contactor or “on-off’’ type control. 

Minimum indexing angle for positioning turrets 
was 7 degrees, meaning that the dead-band region 
should not exceed 5 to 6 degrees. Since the mass 
under control has considerable kinetic energy, it 
was apparent that some form of braking had to 
be applied to remove this energy before the set 
point was reached. Switching operation time re- 
quired for application of the brake, in addition to 
the actual braking time, would result in some phys- 
ical penetration of the dead-band region before 
the turrets came to rest. Design requirements of 
dead-beat positioning imply that the stopping 
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point should occur close to, but ahead of, the set 


point. Therefore, boundaries of the dead-band re- 
gion were not only limited by that minimum index- 
ing angle, but also were directly related to brake 
efficiency. The system was set up so that turrets 
stopped about 1 to 2 degrees from the set point, 
after the braking operation. 


> Turret Rotation Control 


There were some control problems concerning 
operation outside of the dead-band region. If an 
attempt was made to make the turrets respond con- 
tinuously and immediately to the dictates of input 
quantity, a certain jerkiness of operation would re- 
sult. Therefore, the desired angular error was 
first generated and the control locked in that posi- 
tion before the drive motor was permitted to op- 
erate. This resulted in smooth, continuous motion 
of the turrets until they reached the boundary of 
the dead-band region. At this point and when the 
initial braking cycle was completed, it was neces- 
sary that some means be devised to penetrate the 
electrical dead-band region and slowly position the 
turrets through the remaining distance to the set 
points. 

Here is how it was done. The servoamplifier was 
made to oscillate between the outer boundary of 
the dead-band region and maximum sensitivity, 
which corresponded to an error of less than 0.1- 
degree. A relay oscillator-limiter was used to ini- 
tiate and maintain this cyclic operation until reg- 
istry was obtained. The oscillator section causes a 
relay to make and break on a one-second cycle, 
charging and discharging a capacitor in the limiter 
section. During the capacitor charging cycle, lim- 
iter contacts momentarily close. The circuit is so 
arranged that sensitivity is shifted to maximum 
when the limiter contacts are closed. Therefore, 
during the charging cycle, the drive motor is given 
a short burst of power. Essentially then, the oscil- 
lator-limiter section is an automatic jogging con- 
trol, somewhat analogous to a camera shutter. 
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> System Operation 


The complete system shown in Fig. 2 includes 
a standard gearhead induction motor with an in- 
tegral magnetic-disk type brake, geared to an air 
clutch which has a magnetically piloted, three- 
way valve for regulating air supply. Clutch out- 
put drives the punch and die turrets through a 
chain and sprocket assembly. An overall reduction 
of 300 to 1 gives a turret speed of about 6 rpm. 

Locking pins are operated through a double- 
acting air cylinder, which is controlled by a mag- 
netically piloted four-way valve. Ends of the pins 
are tapered so that by pressing the pins against 
the periphery of the turrets, they can enter the 
bushings before exact registry is obtained. Two 
limit switches indicate the position of the pins 
to the rest of the system. In the locked position, 
punch trip-circuits are energized and turret con- 
trol circuits are de-energized. 

Error sensing mechanism for the system con- 
sists of a pair of self-synchronous units, or syn- 
chros. The command unit is mechanically con- 
nected to a station selector, and remotely coupled 
with the response unit, which in turn is mechanic- 
ally connected to the lower turret. Provision was 
made in the mounting of the response synchro 
to permit a 90-degree maximum rotation, so that 
the electrical-mechanical system null could be 
established. This system will generate a signal 
which is proportional in magnitude and phase to 
the angular error. 


Fig. 3—Station selector unit showing the selector arm 
with button, and diamond points on the index plate 
indicating station numbers on the turrets 
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> Input Command 


The station selector unit, Fig. 3, is a special 
mechanical device designed for high-speed manual 
selection of the desired station, accomplished by 
depressing the selector arm button and spinning 
the selector arm until a scribe line on the plexiglass 
indicator matches the diamond point at the desired 
station number on the index plate. Button release 
initiates the automatic cycle. A simple lever me- 
chanism transmits button motion to a locking 
plate, disengaging it from a tapered locking pin 
and permitting rotation. 

The locking plate is provided with tapered holes 
which match the tooling layout, and since the lock- 
ing plate is directly coupled to the rotor of the 
command synchro, the latter accurately follows the 
angular displacement. By this arrangement, input 
quantity is physically secured in the desired posi- 
tion before any movement of the turrets. A snap- 
action switch, operated by vertical motion of the 
locking plate, is used to control relay sequencing 
at the start of selection operation and to initiate 
retraction of turret locking pins after selection 
has been completed. 
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Fig. 4—Amplifier circuits with ae 
superimposed operating curves. — 
Plate voltages, Ep; and Ep, of 
tubes V3 and V4 are 180 de- 
grees out of phase, whereas the 
grid voltages Eg; and Eq, are 
simultaneously applied to both 
tubes by tube V2. Plot of plate 
current vs. grid bias demon- 
strates shift of the operating 
bias point of control tube V2 
from B to A upon closure of 
limiter relay contacts 


Plote current 


> Electronic Circuits 


Servoamplifier circuits, shown in Fig. 4, per- 
form three essential operations on the error signal 
voltage—amplification, control, and discrimination. 
Tube Vi amplifies the input signal; tube V2 con- 
trols the limits of the dead-band region through 
a sensitivity control potentiometer. Discrimination 
or direction control of the signal is performed by 
tubes V3 andV4, whose plate voltages are sinu- 
soidal and 180 degrees out of phase. The controlled 
signal from tube V2 is applied simultaneously to 
the grids of both tubes so that the average plate 
current will increase in the tube whose plate and 
grid voltages are in phase. 

On-off control of the power drive in response 
to the error signal is obtained through a fast- 
acting, differential relay independently connected 
in the cathode return circuits of V3 and V4. This 
relay is a three-position, null seeking type, with 
positive snap-action characteristics. Capacitors 
C3 and C4 connected across the relay coils, provide 
energy required to hold in the relay during the 
nonconducting halves of the in-phase voltage wave. 

Returning to control tube V2, it will be noted 
that limiter relay contacts are connected between 
the contact arm of the sensitivity-control poten- 
tiometer and chassis ground. Momentary closure 
of these contacts will shift the operating bias point 
of the control tube from B to A. This is the method 
employed during relay oscillator operation to pene- 
trate the dead-band region of the amplifier. Sub- 
sequent differential relay action will jog the power 
drive until locking pins and turrets register at 
the set point. 

In regard to the general method of sequenc- 
ing for a 180-degree error signal the error signal 
is zero when the selector arm has turned through 
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180 degrees. While this position represents a false 
null, there is no possibility of initiating the power 
cycle from the differential relay, because of the 
broad dead-band region. However, during selec- 
tion, a control relay is energized that closes a 
contact in parallel with the clockwise contact of 
the differential relay. Therefore, the clockwise 
power cycle will be initiated as soon as selection 
has been completed. Once the dead-band boundary 
is reached, the differential relay will take over, 
dropping out the control relay, and the cycle is 
completed. 

It should also be noted that control circuits are 
arranged to permit interruption of the power 
cycle at any time. This is accomplished either 
by selector switch operation or by depressing the 
operating button of the station selector unit. In 
either case the brake is applied but the locking 
pins are not released. 


> Design Parameters 


Careful study must be given to the application 
of this control system for other types of position- 
ing or indexing problems. If conditions are right, 
considerable savings in the cost of control and 
power apparatus may be realized through applica- 
tion of this type control system. Two physical 
conditions must exist in regard to the object or 
mass under control. There must be finite points of 
location which do not change and there must be 
a suitable locking device available for securing the 
object at these points of location. When these two 
conditions are present a simplified servosystem, 
similar to the type described, may be successfully 
applied for high speed, accurate, angular or linear 
positioning of machine tool components. 
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BROACHING MACHINES MADE BETTER 


— 


- with Hydraulic Engineering by ELECTROL 





ONE are the days when it was necessary for 

an operator to advance and return a broach- 
ing tool manually to obtain clearance space for 
the working piece. 


Today, with Hydraulic Engineering by Electrol, 
this back-breaking task—often requiring the time 
and labor of two men—is eliminated simply and 
inexpensively by operating and controlling the 
broaching tool hydraulically. 


This way... it requires only the pressure of a 
finger-tip on an electric push button to engage or 


disengage the broaching tool—or to move the tail 


The Electro! hydraulic installation which pro- 
vides push button control for Sroaching tools. 


stock in either direction from a stationary point. 
Perhaps, the machines you use—or the products 
you make—can be made better through the use of 
hydraulic devices. Electrol’s engineering staff will 
gladly work with you. 


aia 
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CYLINDERS * SELECTOR VALVES * 
CHECK VALVES 
POWERPAKS + 


FOLLOW-UP VALVES 
* RELIEF VALVES * HAND PUMPS 
LANDING GEAR OLEOS  * SOLENOID 
VALVES «ON-OFF VALVES + SERVO CYLINDERS * TRANSFER 
VALVES * CUT-OUT VALVES * SPEED CONTROL VALVES 





A load is on its way. Travel 
time is 4 to 5 minutes one 
way. The track is approxi- 
mately 28 feet above ground 
level. 


Four trucks are accommodated by the Tramrail freight 
van, which, at the press of a button, is on its way 
without attendant. The van stops and lowers auto- 
matically at each end of the system. In fair weather 
or foul it travels with safety and dispatch. Points on 
each end of Tramrail carrier guard pry open doors 
of loading station automatically. The system requires 
very little building space because it need not be 
enclosed. 


( SAVES $7000 PER YEAR 
/ with AUTOMATIC DISPATCH SYSTEM 


AN enclosed freight carrier shuttling over a 666 
foot Cleveland Tramrail archbeam track between 
the Twisting and Finishing Departments of the 
China Grove Cotton Mills Co., China Grove, N. C., 
is saving $7000 per year. 


This system has eliminated a drudgery that was 
disliked by labor and costly to management. No 
longer is it necessary for men to push and lug floor 


GET THIS BOOK! 


BOOKLET No. 2008. Packed with 
valuable information. Profusely 
illustrated. Write for free copy 


trucks up ramps, on elevators and over long walks 
between the buildings. No longer is the work held 
up because of rain or inclement weather. Frequent 
accidents from manual hauling are done away 
with. 


For the investment involved, this automatic 
system is paying large dividends in profits and 
convenience for this mill which is one of the largest 
producers of thread yarn in the South. 


CLEVELAND TRAMRAIL DIVISION 


TWE CLEVELAND CRANE & ENGINEERING CO, 
1373 East 287th Street e Wickliffe, Ohio 


‘CLEVELAND (29 TRAMRBAIL 


OVERHEAD MATERIALS HANDLING EQUIPMENT 


- a ee eee ee nee Nn _ — 


AUTOMATION—November 1954 





Machines and plant 


AUTOMATIC WELDING ag 


Three seam welders built into a 
bicycle production line will form, 
fold and weld flat strip into bi- 
cycle rims at rate of 5 to 6 rims 
per minute. Strip of 0.028-in. 
thickness is fed through line at 
rate of 35 fpm. Edges are formed 
to shape, folded together and re- 
sistance seam welded by welders 
with vertical and special tilted 
frames. Welders have anti-fric- 
tion bearing mounted shafts and 
current collectors to carry con- 
tinuous current of high welding 
speed without down time for bear- 
ing maintenance. Taylor-Winfield 
Corp., Warren, Ohio. 

Circle No. 1 on Reply Card 


TEMPERATURE MONITORING SYSTEM point. A green light flashes when 
“a 1 ” indicat : ; scanned temperature is normal, 
ee ee green signals and an audible but as soon as temperature passes 


ture conditions at various points é > it is se iv : 
re : ; alarm. —— unit no to = the pre-set danger point a red 
as scanne y means of re s als ¢ r . 
; = warning signals at a high or low light goes on and a bell or buzzer 


sounds. Operator may silence the 
audible alarm by pushbutton but 
red light remains until tempera- 
ture returns to normal zone. Each 
“Signalarm” handles up to several 
hundred thermocouples. Various 
monitoring systems can be built up 
from standard units. Additional 
systems for high speed scanning 
or for monitoring several inde- 
pendent temperature points simul- 
taneously are available. 

Diagram shows (1) _ thermo- 
couples, (2) impulse timer and 
stepping switch, (3) master meas- 
uring unit, (4) memory relay, (5) 
audible alarm, and (6) red and 
green signal lamps. Thermo Elec- 
tric Co., Inc., Saddle River Town- 
ship, Rochelle Park Post Office, 
N. J. 

Circle No. 2 on Reply Card 
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PROCESSING TRANSMISSION BODIES 


A five-way automatic indexing 
machine performs 18 operations on 
transmission servo bodies, has 6- 
station, 2-place fixture to load 
workpiece in two positions in each 
fixture. Production capacity is 
said to be 124 pieces per hour. 
Special milling heads are arranged 
with automatic backup so that cut- 
ters do not disturb the close micro- 
finish on their return stroke (see 
blowup in illustration). Attached 
tool board cuts tool changing time 
toa minimum. All parts are inter- 
changeable and held to tolerances, 


and all components are located by 
precision bored dowels for preci- 
sion alignment. Multiple heads are 
of ball bearing construction with 
shaved gears and broached and 
splined drives. Lead screw tap- 
ping spindles have precision 
ground, hard-chrome plated 
threads. Electrically controlled 
automatic index is cam and roller 
type for uniform acceleration and 
deceleration of indexing movement. 
Buhr Machine Tool Co., Ann Arbor, 
Mich. 
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CONVEYORIZED PARTS CLEANING, PROTECTING 


A series of five conveyorized ma- 
chines will clean and rinse with 
solvent, neutralize fingerprints, 
and apply rust preventive to bear- 
ings, tools, spare parts prior to 
their packaging, all according to 
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military specifications. A convey- 
orized dipping rack on the ma- 
chines and connecting roller con- 
veyor with drip tray between each 
machine carry parts through metal 
cleaning processes. First machine 


agitates parts in solvent cleaning 
solution, second machine agitates 
them through a _ solvent rinse, 
third unit consists of fingerprint 
neutralizer, fourth has a second 
solvent rinse, and fifth applies 
rust preventive to parts. Last ma- 
chine merely dips parts whereas 
the other four machines are agi- 
tators. One operator controls en- 
tire process by pushing button to 
initiate and end cycles in each 
machine. D. C. Cooper Co., 1467 
S. Michigan Ave., Chicago 5, IIl. 
Circle No. 4 on Reply Card 


BATCH WEIGHER 


Liquids or bulk materials can be 
handled in batches weighing from 
a few to thousands of pounds by 
this automatic weigher. System 
consists of (A) load cells which 
support (B) tank or bin and (D) 
an electronic indicator recording 
controller which converts load 
signal into proper functions. Con- 
trol relay box (C) sequences the 
functions. Selection dials, gradu- 
ated in pounds or in percentage of 
total rating of system, signal load 
required. Pushbutton _ initiates 
batch which can be repetitive or 
single cycle. Instrumentation and 
control relay system can be re- 
motely located for convenience or 
safety, and multi tank or hopper 
installations can be handled. Au- 
tomatic tare check system accu- 
rately weighs batches and guaran- 
tees that all material from one 
batch has dumped before next 
batch starts. Each batch is re- 
corded permanently on a chart. 
Gilmore Industries Inc., 5713 Eu- 
clid Ave., Cleveland 3, Ohio. 
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AUTOMATIC LOADER 


Ideally adapted to loading and 
unloading parts on stamping press- 
es, forging presses, drop hammers, 
utility presses and vertical spindle 
machine tools, this automatic ‘‘Oct- 
O-Pus” loader can pick parts one 
at a time from a conveyor line, de- 
posit them on press, and unload 
them onto another conveyor in a 
total cycle time of two seconds. 
Two loading arms are rotated 
through 120 degree motions. As- 
sembly can also be equipped with a 
single arm to act as a press-to- 
press loader, automatically han- 
dling parts from one machine to 
another in a line. 

“Oct-O-Pus” consists of motor, 
clutch, brake, speed reducer, gear 
and cam mechanisms, actuator box 
which raises and lowers during 
cycle, and a rotating arm assembly 
attached to the box which indexes 
during cycle. Actuator is intermit- 
tently powered by motor through 
an electric clutch and brake unit. 
Two concentric shafts in the ac- 
tuator index the arms and control 
clamping units in each arm. Loader 
is 46-in. high, requires 22 x 26-in. 
floor space. Arms are made to suit 
individual operation and part re- 
quirements. Hautau Engineering 
Co., 721 Wanda, Ferndale 20, Mich. 
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WIRE JOINT BANDER 


A machine automatically bands 
together electric wires in a variety 
of combinations by means of 
“Autobands”. Produced in strip 
form and supplied on reels, ‘““Auto- 
bands” are automatically fed into 
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machine to produce tight, perma- 
nent joints in wires. The machine 
employs no cutting punches and 
bands wires as quickly as they can 
be positioned by operator. Con- 
tinuous wires from either side are 
located at the full-vision rolling 
tool and every strand of both wires 
is joined. Union is strong enough 
to meet exceptional pull tests and 
withstand molding pressures. Va- 
riety of possible wire combinations 
includes joints of one, two or three 
cords, unions of stranded to solid 
wires, unions of two wires to a 
single one, etc. ““Autobands” can 
be numbered for identifying motor, 
generator and _ telephone leads. 
“Autoband” method is _ ideally 
adapted to wiring systems of air- 
intercommuni- 


conditioning units, 


cation sets, harnesses and electric 


motors of fractional sizes. 
weld Corp., Warwick, R. I. 
Circle No. 7 on Reply Card 


Crimp- 


EVEN FINISH FOR CONVEYOR DIPPED PRODUCTS 


A Dipaid unit, used in conjunc- 
tion with company’s cable con- 
veyor systems, secures a more even 
finish on parts processed by dip- 
ping operations. Unit is located 
immediately following the dip 
tank, swings product counterclock- 
wise through a 180° arc, and re- 
turns it to normal position by 
means of two spiral 180° twists 
in the trolley rail and accessory 
buffer strips and side guide rails. 
A horizontally mounted wheel en- 
gages a side rail to make the part 
rotate along its own axis. Twist- 


ing motions minimize running, 
streaking, sagging or beading of 
finish and help secure an even dis- 
tribution of coating. Products 
can be dipped in paint, plastic, 
liquid latex, lead, zinc, other or- 
ganic and inorganic finishes. Di- 
paid can be furnished in lengths 
and designs for a variety of mo- 
tions to meet individual specifica- 
tions, Illustration shows 1-in. di- 
ameter tube being transported. 
E. W. Buschman Co., 4544 Clifton 
Ave., Cincinnati 32, Ohio. 
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TEXTILE WRAPPING MACHINE AND TAPING UNIT 


A line of textile wrapping ma- 
chines uses transparent, heat-seal- 
ing wrapping material for attrac- 
tive and practical automatic pack- 
aging. Model FB can wrap a pack- 
age 4x 4x 14-in., minimum dimen- 
sions, and 12 x 8 x 3-in., maximum 
dimensions. Goods may be in a 
tray, on a card, or wrapped around 
a card. Machine features a long- 
seam, Teflon coated sealer bar and 
paper extension gripping and crimp- 
ing bars to draw wrapping tightly 
across length of package and to 
heat-seal a line close to the prod- 
uct. Electric eye will register print- 
ed material. One-half hp motor is 
capable of 1750 rpm, can wrap and 
seal 20 to 50 packages per minute. 
Sheets, socks, towels, T-shirts, etc., 
can be packaged. 


A cross-tape unit may be at- 
tached to many automatic wrapping 
machines that will wrap small 
(3/32 or %4-in. wide) colored cel- 
lophane tape around the package, 
leaving a pull tab extending ap- 
proximately 1,-in. beyond the pack- 
age. Tape is usually placed near 
the end of the package so that 
when it is pulled and cuts off end of 
wrapper the main portion of the 
wrapper will remain intact and 
serve as a container for the prod- 
uct. Unit cuts tape to proper 
length, carries it across the web of 
the sheet, applies wax or resin to 
inside of wrapper before it is cut 
off the roll. Unit is applicable to 
machines for wrapping chewing 
gum, candy bars, bandages, cig- 
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arettes, crackers, stationery, tex- 
tiles, frozen foods, etc. Package 
Machinery Co., East Longmeadow 
P. O., Springfield, Mass. 
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TUBE FILLER 


Tubes are filled with liquid or 
paste by accurately metered vol- 
ume, not by displacement, in this 
combined filler, closer, and crimper 
with ejector. Consequent elimina- 
tion of overfilling “for safety” re- 
sults in a constant saving of mate- 
rial. For pastes which tend to trap 
air, a long, bent nozzle is provided 
to fill tubes from the bottom with- 
out entrapping air, a semiauto- 
matic operation (process is fully 


automatic with liquid and light 
cream fillers). Positive feed with 
overload clutch assures feed at 
proper time in the fill cycle, pre- 
vents damage to machine. Pedal 
operation by a single revolution 
clutch gives operator positive no- 
tube-no-fill control as well as con- 
trol of filling speeds. Double or 
triple fold closure can be provided 
automatically. All parts are ac- 
cessible for cleaning, and all con- 
tact parts are of stainless steel. 
Tubes can be as large as 1'% x 7 in. 
with a maximum fill of 6 fi oz., and 
hopper capacity is 15 gal. Speeds 
range from 20 and 30 tubes per 
minute for pastes to 40 tubes for 
liquids. Arthur Colton Co., 3400 E. 
Lafayette, Detroit 7, Mich. 
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AUTOMATIC POSITIONER 


Exact reproduction by radial 
drills of precision drilled, bored, 
tapped, and reamed parts is ac- 
complished by an automatic posi- 
tioning table without jigs or stop 
adjustments. Machine employs 
two simple duplicating bars which 
act as permanent record of posi- 
tions for the job, can be stored 
and reused later. Positioner has 
been used and tested for four years 
on jig borers and automatic posi- 
tioning machines. Now available as 
a separate unit, machine is easily 
installed with existing rigid and 
radial equipment, and performs ac- 
curately within 0.0001-in. Posi- 
tioner moves work while spindle is 
stationary and radial remains in 
clamped position. Fosdick Machine 
Tool Co., 1638 Blue Rock, Cincin- 
nati 23, Ohio. 
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PRODUCTION WEIGHING 


Two new scales are designed for 
gross and net production weighing 
of granular, flake, pellet or fibrous 
materials up to 160 lb per cu ft. 
Models require minimum head 
room, can be attached directly to 
storage bin or hopper fed by grav- 
ity or conveyor system. Material 
travels through feeder at right 
angle to gravity flow so that vari- 
ation in head pressure has no ef- 
fect on accuracy of scale. Differ- 
ences in material density due to 
changes in batch mix (fertilizers, 
feeds) are compensated for in 
seconds. Shockproof leverage sys- 
tem operates without pivots and 
retains original accuracy indefi- 
nitely, assuring freedom from lev- 
erage maintenance problems en- 
countered when handling corro- 
sive and abrasive materials. 

Gross weighing scale (illustrat- 
ed) handles up to eight bags per 
minute, weighing from 25 to 200 
lb, within tolerances of one or two 
oz. Machine holds, fills, check- 
weighs, releases open mouth bags, 
drums or cartons. Optional cast- 
ers and locking screws permit 
transfer of unit from one station 
to another. 

Net scale preweighs, checkweighs 
and discharges loads into bags, 
drums, cartons, valve bag packing 
machine, or blender or conveyor for 
batching. Controls can vary loads, 
frequency of dump and number of 
dumps per cycle. Unit handles up 
to 12 bags per minute. A duplex 
can fill up to 24 bags per minute 
by employing two standard models 
discharging into a common bag 
holder. Checkweight signals on 
both models signal underweight, 
overweight or proper weight; ma- 
chine will not release underweight 
or overweight load. Thayer Scale 
& Engineering Corp., 492 East 
Water St., Rockland, Mass. 
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INSTRUMENT SERVO MOTORS 


Designed for use on recording instruments where rapid accelera- 
tion and deceleration are of primary importance. 


DIEHL Instrument Servo Motors feature a novel construction 
with an integrally molded stator and housing. Liberal design 
characteristics are built-in so that long life can be expected even 
under severe ambient temperature conditions. 


While intended primarily for commercial use, these Servo motors 
meet pertinent JAN specifications for resistance to humidity, 
salt spray, fungus, shock and vibration. 


SPECIFICATIONS DIEHL NUMBER 


FPE21L-27-1 FPE25L-92-1 


Output (Watts) 

Frequency (Cycles) 

Poles 

Reference Phase (Volts) 

Control Phase (Volts) 

Reference Phase (Watts) 

Control Phase (Watts) 

Control Phase Impedance (Ohms) 
Locked Torque (Oz.-In.) 

Theoretical Acceleration (Rad/sec.2) 


Our engineering staff will gladly help you select the motors best suited 
to your specific requirements. A request on your letterhead will bring you a 
copy of Technical Manual No. A-1154 describing Diehl Servo Motors 
and related equipment. 


Other Available Components: 
D.C. SERVO SETS © RESOLVERS 
MINIATURE PERMANENT MAGNET D.C. MOTORS 
DIEHL MANUFACTURING COMPANY 
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STEEL STRIP HANDLING 


Automatic handler of steel strip 
off the shearing machine can man- 
age sheet metal of any gage up to 
5/16-in. and any width the stand- 
ard 24-in. back gage allows. Strips 
are handled as fast as shear cuts 
them, and only one operator is re- 
quired to pick off trim cuts and 
locate material receptacles. Each 
strip, as sheared, slides down an 
adjustable pickup chute and is de- 
livered to a table. Strip slips back, 
is caught by toggles, picked up by 


horizontal angles connected to end- 
less link chains on either side of 
the unit. Round steel fingers, weld- 
ed to angles, reach below table 
deck, pushing material ahead. 
Strip is raised to desired point and 
dropped off into a stacker. Entire 
unit is mounted on swivel casters, 
is easily removed for repairs or 
adjustments. Fried Steel Equip- 
ment Mfg. Corp., 528 East 119th 
St., New York 35, N. Y. 
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TRANSFER MACHINE RETOOLS FOR VARIOUS JOBS 


Designed for industries convert- 
ing to automation, this multiple 
station transfer machine performs 
various light machining, forming, 


pressing, assembling, and inspec- 
tion operations. It is easily retooled 
to meet changing production re- 
quirements. Two basic models are 


available. “A” type is designed for 
such industries as automotive and 
aircraft where versatility of oper- 
ations and retooling is important. 
As many as 6000 pieces per hour 
can be produced. “B”’ type operates 
at speeds up to 20,000 pieces per 
hour, is designed for paper con- 
verting, electrical manufacturing, 
packaging, and other industries 
with high production rates and low 
product costs. Machine, called the 
“Trans-o-Mator’’, contains a com- 
plete power transmission — unit 
which includes motor, reducer, 
clutch, roller gear drive for index- 
ing, chain and carriers. There is 
an electrical interlock system be- 
tween indexing and tooling power 
supply. Start, stop, and job con- 
trols are provided as well as an 
automatic scanning device to in- 
sure proper function of all sta- 
tions. Roller Gear Div., Ferguson 
Machine & Tool Co., Box 191, St. 
Louis 21, Mo. 


Circle No. 14 on Reply Card 


a 


' 


TURRET INDEXING 


Clutch operated series of turret 
indexing units features dwell time 
ranging from 0.835 second to in- 
finity. Models are available with 
8, 16, 24, or 32 work stations, and 
with 20, 30, or 40 in. turret diam- 
eters. Maximum indexes per hour 
range up to 2154. The solenoid 
operated clutch drive suits index- 
ing mechanism to applications re- 
quiring a variable or infinite work 
cycle, or to those where operator 
determines indexing cycle by 
means of pushbutton controls. For 
drilling cycles and similar opera- 
tions requiring automatic control, 
limit switches may be used to pre- 
vent indexing before completion of 
any given operation. Crossover 
cam and locking device assure ac- 
curate positioning. Swanson Tool 
& Machine Products, Inc., 810 E. 
&th St., Erie, Pa. 
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AUTOMATIC POWER FEED 


Said to be the world’s fastest 
power feed for drill presses, Rota- 
feed operates on reduced air con- 
sumption for increased production 
at lower unit cost. Feed is mount- 
ed directly in line over the spindle 
to eliminate the mechanical losses 
inherent in side mounted feeds and 
to permit retention of drill press 
handle for manual operation. Pis- 
ton rod’s threaded end is screwed 
into spindle which is attached by 
the other end to a high thrust ca- 
pacity ball bearing housed in the 
piston. Larger thrust capacity, 
due to a larger cylinder bore, 
permits normal drilling operations 
in the 40 to 60 psi range and 
leaves a reserve capacity for mul- 
tiple spindle operations. 

Use of individual pressure regu- 
lators and gages at each cylinder 
port sets up a differential pres- 
sure system which _ eliminates 
waste of pressure on return stroke. 
Poppet type flow control valve 
with controlled flow on return pro- 
vides hydraulic control for feed. 
Seat is metal to metal for positive 
sealing action, and adjustable ori- 
fice in stem meters out fluid con- 
trol to make infinitely variable hy- 
draulic feed possible. 

Repetitive accuracy in drilling 
depth is less than 0.005-in., and 
with a time delay unit can be held 
to less than 0.0005-in. Two varia- 
tions of Rotafeed are available to 
drill up to % or 1%-in. depths. 
Pneuma-Draulic Co., P. O. Box 666, 
Detroit 6, Mich. 
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Single ants can move 4 times 
their size and twice their 
weight. Collectively, like the 
white ants of Africa, they can - 
handle extreme bulk for ~ 
astounding distances in order 
to build their huge mounds. 


EXPERTS IN AUTOMATION 


It was not too long ago, as time 
is measured, that man was re- 
stricted in what he could move 
from one place to another by the 
limits of his individual brawn. But 
now, through science, he need 
simply to push a button to handle 
the most cumbersome object. 


Automation, the science of auto- 
matic material handling, trans- 
ferring and precision flow control, 


is the specialty of Allied. They 
have designed and fabricated some 
of the most unique machines used 
by industry today. 


If you have a problem in material 


handling peculiar to your bus- 
iness, consult Allied. Their staff 
of automation experts will make 
a study of your situation and 
provide a practical and cost sav- 
ing solution for it. 


PIONEERS IN AUTOMATION. . . the design and fabri- 
cation of fully automatic material handling systems 


i te cat cel 


This Allied installation maneu- 
vers large steel doors through 
a production cycle—every 
phase automatic, all move- 
ments synchronized. Magnets 
hold the door while being 
up-ended and automatically 
hung on to a moving conveyor 
for completing fabrication. 


For further information ask tor Allied Catalog 953 


Uy) ALLIED AUTOMATION DIVISION 


/ ALLIED STEEL and CONVEYORS, INC. 
17377 Healy Avenue, Detroit 12, Michigan 





PRODUCTION CASTING AND MOLDING 


Tray-Cast machine casts melted 
ferrous or nonferrous metals, or 
plastic molding on a forming unit 
via trays or molds which are easily 
removed and replaced. One or 
more pouring stations are incorpo- 
rated for flexibility in pouring dif- 
ferent types of molds at the same 
time and in changing from one 
type mold to another. Broken or 
undesirable molds are easily re- 
placed. A pusher moves the bot- 
tom row of trays onto an elevator 
which moves them to an upper 
track where another pusher moves 


them through a cooling chamber 
and knockout hammer into an ejec- 
tor. This revolves, knocking the 
material from the molds. Alumi- 
num, brass, copper, tin, and lead 
can be cast in capacities from 1000 
to 10,000 lb per hour for alumi- 
num, and higher for heavier met- 
als. Machine can be driven elec- 
trically, hydraulically, or pneu- 
matically, and timer provides au- 
tomatic cycling. Ferguson Equip- 
ment Corp., 2ist St. & Penn Ave., 
Pittsburgh 22, Pa. 
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AUTOMATIC INDEXING FIXTURE-TYPE WASHER 


Three - stage industrial washing 
machine cleans 400 transmission 
castings per hour, working on a 
“pin-point’”’ washing principle in- 
stead of the usual cleaning method 
of passing parts through volume 
washes. “Pin-point’” washing is 
achieved by high pressure nozzles 
which are precisely located to clean 
and flush all passages, such as blind 
or tapped holes, internally and ex- 
ternally. Pressure removes the 
chips. A hydraulic indexing drive 
indexes fixtures into exact position 
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for cleaning, then locks transfer 
mechanism into immobility for an 
exact interval until the casting is 
ready for the next cleaning stage. 
Control is automatic. 

Fixtures have brass pads to hold 
the casting transmission case and 
housings in position without any 
manual clamping. The transfer 
mechanism is electrically sequenced 
and hydraulically powered. Interna- 
tional Conveyor & Washer Corp., 
652 East Fort St., Detroit 26, Mich. 
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MANIPULATOR 


Electrically driven canting mech- 
anism permits angular position of 
the slave end to be varied inde- 
pendently of the master end in this 
new manipulator. Operator can 
bring specimen under analysis to 
the viewing window without hack- 
ing away. Mechanism raises slave 
end to horizontal automatically for 
easy removal of manipulator arm 
from barrier wall for repairs or 
repositioning. Light overhead 
crane operated by one man can 
slide the arm from the wall and 
into a new location in less than 
five minutes. Combined rigidity 
and delicacy of touch enables ma- 
chine to handle loads of 10 to 15 
lb effectively in any operation, and 
loads up to 60 lb can be handled 
in a straight lift with auxiliary 
lifting hook. 

Each arm weighs approximately 
230 lb, is mounted through an 8- 


in. diameter opening in the barrier 
wall at a height of approximately 
10 ft. Working area for arms is 
about 5 ft deep and 8 ft wide at 
a height of 40 in. from the floor. 
Statically balanced in all positions 
so that its weight is not felt, ma- 
chine has negligible residual un- 
balance and frictional forces. Radi- 
ation sources active in the multi- 
kilocurie range are handled safe- 
ly according to current radiation 
exposure standards. Optional tongs 
and slave end boots. Dept. KP, 
Central Research Laboratories, 
Inc., Red Wing, Minn. 
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MOTOR SPEED CONTROL 


Electronic “Servospeed” system 
is designed for laboratory applica- 
tion to control of sub-fractional 
horsepower motors. Control sys- 
tem and motors are available from 
1/400 to 1/30-hp, with gear-mo- 
tor ratios from 6:1 to 1120:1 re- 
ductions. All base motor speeds 
are 1750 rpm. Minimum 20:1 
speed range is available at con- 
stant torque capability to facili- 
tate speed ranges as low as 0.08 
to 1.6 rpm in one motor range. 
Servospeed, Electro-Devices, Inc., 
4-6 Godwin Ave., Paterson, N. J. 
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TOTE PAN DUMPER 


Fully automatic unit will elevate 
loaded tote pans to any desired 
height up to 11-ft above floor lev- 
el, invert the pan to empty load, 
and return pan to loading level. 
Hydraulic hoist is powered by a 
34-hp electric motor. Machine 
dumps small parts, is ideally adapt- 
ed to feeding overhead hoppers or 
conveying systems. As much as 
500 lb can be handled per pan. 
Allied Sales & Mfg. Co., Ma- 
terials Handling Div., Grand Spe- 
cialties Co., 3101 W. Grand Ave., 
Chicago 22, Il. 
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Digital 
Computer 
Techniques 


Applied to 


ihedewen, | Ulectronic Business Systems 


developmen | “1° ° 
“ad | Military Radar Fire Control Systems 
application 


o¢ | Aircraft Control and Navigation Systems 


The successful application of Hughes 
airborne digital computers to high speed aircraft 
fire control problems has opened up an 
entire new area for these digital computer techniques. 
Similar equipment is now under development 
in the Advanced Electronics Laboratory 
to apply such digital computer systems to modern 
business information handling. 


LOGICAL DESIGN 
COMPONENT DEVELOPMENT 
PROGRAMMING 

MAGNETIC RECORDING 
CIRCUIT DESIGN 

INPUT & OUTPUT DEVICES 
SYSTEMS ANALYSIS 


Areas include 


Hughes developments in these fields are 
creating new positions in the Advanced Electronics 
Laboratory. Exceptional men in the 
following spheres of endeavor are invited to apply: 


»>Engineers and Physicists 


Computer activities embrace systems planning 
and analysis, design and development, system engineering 
and component development. Experience in these 
areas, as well as in application of electronic digital computers, 
is desirable but not essential. Analytically inclined men 
with backgrounds in systems work are required for this phase. 


Hughes 


RESEARCH AND DEVELOPMENT LABORATORIES 


Scientific 
and 
Engineering 
Staff Culver City, Los Angeles County, California 


Assurance is required that relocation of the applicant 
will not cause disruption of an urgent military project 











AUTOMATIC TRANSFER DRIVE 


Illustrated mechanical drive has 
been applied to an engine block 
transfer operating between produc- 
tion machines. The machines move 
the blocks from one position to 
another within the machines them- 





Big Side 


selves for the various operations 
on the block. The “transfer” drive 
synchronizes the movements of the 
blocks between the production ma- 
chines with the machine’s move- 
ments to give a smooth flow 


lies behind every 


automation program. Pioneer 


Ea ee  hasa quarter-century of 


experience with both. 


No obligation if you'd 


like to know more. 


19665 





JOHN 


ENGINEERING 


i Dione MANUFACTURING CO., INC. 


Telephone TWinbrook 3-4500 


R, DETROIT 3, MICHIGAN 








throughout the production line. 
Line may consist of many ma- 
chines, all synchronized and con- 
nected together by means of these 
automatic transfers. Drive is 
made up of a reversing electric 
motor and a belt connected to a 
special screw which drives a ball 
bearing follower connected to a 
shuttle bar equipped with col- 
lapsible dogs to push blocks along 
the steel ways of the transfer be- 
tween the production machines. A 
Varidrive can be installed between 
motor and screw shaft to furnish 
variable speeds to the shuttle bar, 
or motor can be connected direct- 
lv to the screw shaft. Motor can 
be connected directly or with Vari- 
drive, belt, or chain on each end 
of the screw shaft to operate mo- 
tor in constant and opposite direc- 
tion with clutches and/or brakes. 
Spurgeon Co., 23501 Hoover Rd., 
Detroit, Mich. 
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FILTER SYSTEM 


Stainless steel settling and filter- 
ing system utilizes a settling basin 
for removal of large particles from 
liquid prior to filtration through 
bar stock screens for particles as 
fine as 0.004-in. System is ideally 
applied to paper making and food 
processing industries. Chain driv- 
en flights, of solid and brush con- 
struction, travel down filter screen 
removing filtered solids, and then 
across floor of the settling area 
gathering additional sediment. Sol- 
ids are carried up a ramp by the 
flights, which are automatically 
cleaned and returned while solids 
fall into a tote box. Bar stock 
screens have accurately sized slots 
to 0.004-in. These screens can be 
removed for cleaning by sliding 
solid metal plates behind them and 
then lifting them out of their chan- 
nels. Industrial Filtration Co., 


Dept. SS-471, Lebanon, Ind. 
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METAL FINISHING 


Contrary to usual tumbling or 
barrel finishing processes, a new 
and completely automatic machine 
oscillates fixtured parts for a pre- 
determined time cycle through an 
abrasive media which remains 
fairly static to obtain high preci- 
sion finish. Parts must be de- 
signed for rigid fixing to with- 
stand pressure when they are 
forced through the processing. 
High finish and close tolerances 
are obtained in brass, steel, and 
zinc castings and stampings. Jet 
engine compressor and _ turbine 
blades, flame _ deflectors, escut- 
cheons, knobs, handles, lamp parts, 
moldings can be handled satisfac- 
torily. Machine is available for 


dry or wet processing as required 
by workpiece and desired finish. 
Tub in wet processing model has a 
false bottom which drains accumu- 
lating refuse away without disturb- 


ing the abrasive. Deeper tub is 
used for dry processing. Roto-Fin- 
ish Co., 3700 Milham Rd., Kalama- 
zoo, Mich. 


Circle No. 24 on Reply Card 


BAR STOCK HEATING 


A mechanical hopper-feed unit is 
mounted at one end of a furnace 
conveyor to supply stock in a com- 
pletely automatic system for end 
heating bar stock. Bars can be 
carried through heat zone at any 
speed according to desired heating 
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cycle. Production is said to be in- 
creased as much as 100 per cent. 
Using a furnace with a 39 in. heat- 
ing zone to heat 2 in. of the end of 
5+,-in. bar stock, system will proc- 
ess 600 pieces per hour. In addi- 
tion, this automatic procedure fea- 


tures greater heating uniformity 
and plasticity in the heated metal, 
minimum floor space, less scale on 
the end product. Gas Appliance 
Service, Inc., 1211 Webster Ave., 
Chicago 14, Ill. 

Circle No. 25 on Reply Card 





RESISTANT! 


Rivett 3000 P.S.|I. 
sub-plate mounted 
hydraulic valves 


Spool features a scalloped design and 
built-in metering grooves, permitting 
easier, faster flow and reducing impact. 
Unrestricted passages allow greater flow 
capacity—%4” size rated at 28 G.P.M. 
at 15 ft. per sec.! Four extra long seal- 
ing surfaces on the spool provide ex- 
tremely close fit with valve bore. 









Get new catalog! 


Illustrates flow operations for all 
piston designs. Write today ! 





Series 6600 Solenoid Pilot 
Operated. Furnished in 2", 
%", 1", 1%" and 12" 1.P.S. 


FEATURES 


1. Continuous duty, shock-mounted so- 
lenoids. 3.6 amps inrush; .45 amps 
holding at 115V. 


2. Roomy wiring box. Dust, moisture 
sealed. 2" conduit connections. 


. 7 spool designs for 3 and 4-way. 
. Less pressure drop. 
. Mounted in any position. 


ous Ww 


. Extra long sealing surfaces. 


RIVETT LATHE & GRINDER, Inc 
Dept. A-11, Brighton 35, Boston, Mass 








________ Parts, elements and devices designed for creating more automatic systems 





Stepping Switch-Relay 


A single cam type rotary relay 
replaces whole banks of relays or 
combinations of relays and step- 
ping switches. In addition to be- 
ing compact and lightweight, the 
new relay is highly, resistant to 
shock, vibration, and temperature 
changes. Weight varies from 14 
to 20 oz, depending on particular 
model. Performance records have 
exceeded 250,000,000 high-speed 
operations. Relay can replace deli- 
cate latch-in type relays for alter- 
nate on-off operations. Fast and 
accurate for stepping operations, 
it can be driven self-interruptedly 
to produce a time cycle or for 
“homing”’. Automatic Electric 
Sales Corp., 1033 W. Van Buren 
St., Chicago 7, Il. 

Circle No. 26 on Reply Card 


Clamping Cylinder 


A square rod clamping fixture 
cylinder features a nonrotating pis- 
ton rod, is ideally suited for use in 
shops that design their own guide 
rods for small clamping and lo- 
cating fixtures. Cylinder is sup- 
plied with a 1-in. bore, a ‘%-in. 
pipe thread air connection, spring 
return, and 1, 2, 3 and 4 in. strokes. 


Larger bore square rod cylinders 
can be furnished. Compact, heavy 
duty construction and few com- 
ponent parts assure accuracy and 
long life. Piston rod is supported 
by a long, oversize bronze bearing, 
and seal is standard “O”’ ring. Pis- 
ton and rod are of chrome plated 
steel, cylinder barrel and blind end 
of nickel plated brass, rod end of 
nickel plated bronze. Mounting 
block permits adjustment of the 
cylinder to its full length in the 





block by adjustment of one screw, 
thus reducing setup time. Beckett- 
Harcum Co., 1087 Wayne Rd., Wil- 
mington, Ohio. 

Circle No. 27 on Reply Card 


“Push-On" Connectors 


Two new connnectors have been 
added to company’s line of 
straight-on Faston connectors for 
smaller wire sizes, #18 through 
#22, and for insulation support. 
The former is designed for wire 
cost reduction programs on non- 
critical circuits in the manufacture 
of timer motor leads and appli- 
ances. 

Insulation support connector, 
used on wire sizes #16 through 
#12, can handle insulation be- 
tween 0.210 and 0.265-in. Large 
size termination is designed for 
5 /64 and 4/64-in. wall insulation as 
used in air conditioning and re- 
frigeration. Terminals are avail- 





ta 


able in strip form, may be applied 
with hand tools as well as auto- 
matic machine. Step-down feature 
between the stripped wire barrel 
and the insulated wire barrel al- 
lows conductor to remain in a 
straight line after it is crimped. 
Insulation support barrel will not 
rupture the insulation upon crimp- 
ing. Aircraft-Marine Products, 
Inc., 2100 Paxton St., Harrisburg, 
Pa. 

Circle No. 28 on Reply Card 


Carbon Potentiometer 


TRIMpot trims or balances cir- 
cuits in miniaturized electronic as- 
semblies, has resistance of 20,000 
ohms to 1 megohm and infinite 
resolution. Adjustments of infinite 
accuracy can be made simply by 
turning the slotted shaft with a 
screwdriver. Shaft is self-locking, 
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AUTOMATIC DRILLING 

& TAPPING MACHINES 

TIM Sal laieelee Mey 141-1 ahd 
maximum efficiency and economy. 
Write for new bulletin illustrating 
typical single purpose machines 
Stitt Mell lel alle 
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consult Hartford Special — also maker 
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indexing device. 


come to 


HARTFORD 


PF ae 


requires no lock-nuts. Settings are 
maintained during extreme condi- 
tions of vibration, acceleration, and 
shock. Instruments may be 
mounted individually or in stacked 
assemblies. Special features which 
can be furnished optionally include 
dual outputs, special resistances, 
and extended shafts. Power con- 
sumption is 0.2 w, and size is 14, x 
5/16 x 144,-in. Bourns Laborato- 
ries, 6135 Magnolia Ave., Riverside, 
Calif. 

Circle No. 29 on Reply Card 


Bypass Flow Regulator 


Automatic bypass is featured in 
a new constant flow regulator. 
Constant rate of flow can be main- 
tained regardless of variation in 
pressure or back pressure while 
simultaneously bypassing excess 
pump output at working pressure. 
Bypass at pressure below relief 
valve settings results in reduced 
oil temperatures and less frequent 
oil changes. Regulator is appli- 
cable to power steering systems, 
fluid motors, and any hydraulic 
system where constant flow is re- 
quired in the presence of varying 
pump output. Waterman Engi- 
neering Co., 725 Custer Ave., 
Evanston, Ill. 
Circle No. 30 on Reply Card 


Silent Gas Valve 


Magnetic gas valve for gravity 
and forced air furnaces and unit 
heaters is free of valve closing im- 
pact noise and hum. Valve opens 
and closes gas lines according to 
requirements of room thermostats, 
limit controls, etc. Disk is made 
of synthetic rubber to settle quiet- 
ly against valve seat when closed. 
Model is a soft seated type and 
has a specially designed solenoid 
to make it humless. Spring action 
plus steady pressure of gas brings 
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the unit into tight shutoff posi- 
tion. Upon interruption of the 
current, valve closes instantly. De- 
signed for use in company’s sole- 
noid control system for 24 v heat- 
ing control, the new valve can be 
adapted to thermostatic control of 
gas-fired appliances, furnaces, 
boilers, and wall and unit heat- 
ers. It is available in sizes from 
32 to % ips. General Controls Co., 
801 Allen Ave., Glendale, Calif. 
Circle No. 31 on Reply Card 


Pneumatic-Hydraulic Power Unit 


Speed, damped terminal stop- 
ping, powerful finish pressures, 
and full reversibility are com- 
bined in a compact three-cyl- 
inder assembly known as the Hy- 
dro-Air Power unit. This pneu- 
matic prime mover is applicable to 
all press work and to the design of 
machinery and equipment which 
must close under strong loading. 
Unit achieves long stroke and fast 
operation via pneumatic cylinder 
action, and powerful closing force 
via the differential hydraulic pis- 
ton principle. Stroke is 7 in., ter- 


minal force is 2100 or 5600 lb, 
weight is 41 lb, space requirement 
is less than 1 cu ft, air requirement 
per cycle is less than 0.11 cu ft. 
The three cylinders are for (1) a 
fast, long pneumatic stroke (rear 
right), (2) a 12:1 hydraulic multi- 
plication of trapped oil pressure 
for the finishing stroke (rear left), 
and (3) a trigger action for the 
high pressure finish stroke (cen- 
ter). This third booster cylinder 
is available in alternate sizes for 
regular or heavy duty finish pres- 
sure. Main stroke speed is ad- 
justed by regulating air supply 
pressure. Cycle may be timed 
manually or automatically by easy 
treadle, lever, button, cam, or 
timer arrangements. In press work, 
the Hydro-Air unit overcomes sac- 
rifice in speed for suitable pres- 
sure, large space requirements and 
difficulty in controlling final pres- 
sure application, high pressure 
steam cost and exhaust disposal, 
and unduly large cylinder sizes and 
air consumptions. Standard one- 
ton model is 16'%-in. in overall 
closed length, heavy duty model is 
21 in. Pantex Mfg. Corp., 521 
Roosevelt Ave., Pawtucket, R. I. 
Circle No. 32 on Reply Card 


Neutral Bar 


Circuit bars are forged into main 
line connectors at a 20° angle for 
easy wire insertion of every branch 
circuit wire in a recently developed 
neutral bar of unusual strength 
and adaptability. Connections are 
made parallel to each other with 
no wires crossing or spreading 
away from the screw head. There 
is no necessity for attaching a 
separate line load connector be- 
cause the main lug and the circuit 
bars are forged together. Optional 
plastic mounting block. Ilsco Cop- 
per Tube & Products Inc., Marie- 
mont Ave., Cincinnati 27, Ohio. 


Circle No. 33 on 
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TEST CYCLES 


TELEMETERING | 


AUTOMATIC 


en WHAT CAN MAGNETIC TAPE RECORDING 


MEDICAL 
RESEARCH 


DO FOR YOU ? 


«++... More than you may think. 

Shown above are just some of the present applications 

of magnetic tape machines for scientific and industrial testing, 
research, computing and control. This rapidly growing 

new technique offers you a ‘‘live memory’”’ that's more 
precise, more versatile and more permanent than any other 
recording-reproducing method yet devised. With it, you 

can ‘‘preserve’’ any phenomena convertible into electrical 
signals — vibrations, temperatures, pressures, forces, 

motions, numbers or punched holes. Then you can play these 
signals back, again and again for perfect restoration of the 
original phenomena. 


WHY NOT ASK AMPEX? 


YOUR 
APPLICATIONS 


The advantages of magnetic tape are almost unlimited .. . 
frequently providing the only practical answer to complex 
problems. As pioneers in magnetic tape recording, we at Ampex 
feel especially qualified to evaluate these problems — to 
help you determine whether magnetic recording can save you 
time, increase your production and improve your standards 

of precision. Our application engineers are at your service. 
Or, if you simply want more information, ask for our 
16-page illustrated bulletin: ‘‘Data Recording, Machine 
Control and Process Regulation." There's no obligation 

in either case. 


‘Che Signature of Parfection in (Magnetic Cape (Machines 


CORPORATION 


Contact your nearest Ampex representative or write-wire Dept. DD-1711 


BRANCH OFFICES: New York; Chicago; Atlanta; San Francisco; College 
Park, Maryland (Washington, D.C. area). 


DISTRIBUTORS: Radio Shack, Boston; Bing Crosby Enterprises, Los Angeles; 
Southwestern Engineering & Equipment, Dallas and Houston; Canadian 


934 CHARTER STREET General Electric Company, Canada. 
REDWOOD CITY, CALIFORNIA 


AUTOMATION—November 1954 





AC, DC Pressure Switch 


Pressure sensitive switch for op- 
erating relays, solenoids, motor 
controls, etc. will sense a pressure 
difference between two variable 
pressures or between a _ variable 
and a reference pressure. Four 
classes of proof pressures from 
500 to 12,000 psi are available. Cir- 
cuit can be opened or closed by an 
increase or decrease in pressure 
difference of 15 to 10,000 psi at 
any point within adjustable range 
of switch. Control of delicate 
processes and protection of sensi- 
tive instruments is repetitively ac- 
curate because of two parallel 
bourdon tube sensing elements. 
Mechanism requires no balancing 
or leveling in installation, is adapt- 
able to. portable installations. 
Tamper-proof external adjustment 
and splash-proof housing permit 
field setting in exposed locations. 
Unit has snap action, single pole, 
double throw switching for ac and 
de circuits. Barksdale Valves, 5125 
Alcoa Ave., Los Angeles 58, Calif. 

Circle No. 34 on Reply Card 


Waterprcof Multimeter 


A waterproof volt-ohm micro- 
ammeter designed for military use 
is now available for industrial use. 
This self-contained testing equip- 
ment tests elements of electronic 
and electric circuits to determine 
specific electrical characteristics 
and to check current resistance 
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and voltage in existing circuits. 
Multimeter features ruggedized, 
sealed 414-in. meter, deposited car- 
bon resistors, wire wound resis- 
tors, waterproof jacks, and am- 
phenol operating panel which will 
not exceed 11/100-per cent mois- 
ture absorption in 48 hours at 
50° C, thus reducing creepage path 
resistance to a minimum. Case 
and cover are of die cast alumi- 
num and meter can be immersed 
in water without cover with no 
effect on accuracy of the instru- 
ment. Meter is adaptable to both 
ac and de measurements, is 
equipped with test leads and ac- 
cessories. Phaostron Co., 151 Pas- 
adena Ave., South Pasadena, Calif. 

Circle No. 35 on Reply Card 


Transmission System Recorder 


Receiver recorder indicates any 
measured variable which can be 
converted to pneumatic or electric 
signals in transmission systems in 
power and process plants. Unit 
keeps continuous, independent rec- 
ords of one to four transmissions in 
any combination by means of plug- 
in, precalibrated receivers. Stain- 
less steel capillary recording pens 
feed continuously for one year 
without refilling. Recorder is de- 
signed for panel mounting, requires 
14 x17 in. area. Bailey Meter Co., 
1050 Ivanhoe Rd., Cleveland 10, 
Ohio. 

Circle No. 36 on Reply Card 


Versatile Miniature Relay 


Miniature, telephone type relays 
can be used with communication 
instruments, electronic control cir- 
cuits, computers, plate circuits, and 
remote controls. Designed for low 
friction loss and extreme vibration 
resistance at minimum power con- 
sumption, relays are rated for 3 
amp at 32 v de, resistive, or 115 v 


ac, noninductive. Various contact 
arrangements available include 
maximum 4-pole, double-throw, 6- 
pole, double-throw, and make-be- 
fore-break arrangements. Contacts 
are of palladium. Maximum sensi- 
tivity is 90 milliwatts for single- 
pole, double-throw, and 750 milli- 
watts for 4-pole, double-throw. Re- 
lays will withstand 10 g vibra- 
tion up to 55 cycles per sec- 
ond, and 25 g shock. Hermetically 
sealed relays are available in 9 
or 14 pin plug-in or solder ter- 
minal models. Size is 1-7/16 x 
1-11/32 x 15/16-in. Leach Relay 
Co., 5919 Avalon Blvd., Los An- 
geles 3, Calif. 

Circle No. 37 on Reply Card 


Terminal 
CONNECTOR STRIP 
HHB 3372 


Terminal Connector Strip 


Female mating strip is designed 
specifically as permanent base 
mounting to be used with two 
series of company’s male connec- 
tors. Fifteen pressure type sock- 
kets of beryllium copper are pro- 
vided. Nominal creep is 3/32-in. 
Solder tabs fit No. 20 wire, and 
plating is gold over silver. Stand- 
ard insulating material is green 
mineral filled phenolic, but mineral 
filled phenolic type MFE, diallyl 
phthalate MDG, and general pur- 
pose phenolic CFG can be pro- 
vided. H. H. Buggie, Inc., 726 
Stanton St., Toledo 4, Ohio. 


Circle No. 38 on Reply Card 
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Dynamatic Eddy-Current Units can be put 


to work in your plant or product 
This Free Booklet Will Show You How 


Dynamatic eddy-current couplings, brakes, clutches, dyna- 
mometers, and Ajusto-Spede drives, in use today in practically 
every basic industry in both plant equipment and end products, 
are proving the ideal solution to difficult speed control and 
testing problems. Advantages include instantaneous response, 
infinitely adjustable speed control, wide speed range, quiet 
operation, low power loss, low maintenance cost, adjustable 
speed from an AC power source. 


Our new booklet “Bulletin GB2” describes and illustrates the 
basic Dynamatic eddy-current units, including the new sta- 
tionary field coupling. The text, augmented with illustrations 
and graphs, describes the basic eddy-current principles and 
drive characteristics. If you are interested in modern speed con- 
trol, write for your copy of the new Dynamatic Bulletin GB2. 


EATON MANUFACTURING COMPANY 
KENOSHA, WISCONSIN « General Offices: Cleveland, Ohio 
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Panel Board Transformer 


Dependable operation of elec- 
trical components in all types of 
control panels is assured by use 
of a new series of transformers 
whose compact size suits them 
ideally to panel use. Sizes start 
at 2 va. Coils have been precision 
wound with high dielectric insula- 
tion and color coded, 105° C poly- 








| 
| 
handling | 
systems 
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vinyl insulated leads are taped to 
the coils. Slotted mounting feet 
or a channel type enclosure are 
available with all sizes. A _ poly- 
merizing type varnish, resistant to 
moisture and acid, is used on the 
transformer. Hevi Duty Electric 
Co., 4212 W. Highland Ave., Mil- 
waukee 1, Wis. 


Circle No. 39 on Reply Card 





Grouped Capsulated Resistors 


Precision lug-type resistors, en- 
closed in capsules, are available 
in “grouped” units of from two 
to six individual resistors, arranged 
end to end in a one-piece, molded 
resin body, Three, five, and six 
resistor units are illustrated. Spe- 
cially compounded resin completely 





The CHIP-TOTE conveyor permits complete 
utilization of machine tools by eliminating 


shut-down for manual scrap removal. 








encloses each resistor and gives 
maximum protection against me- 
chanical damage and ambient con- 
ditions. Individual resistor units 
are available in wattage sizes of 
L,, 4 and 1 w for 125° C ambient 
temperature, and in_ resistance 
values up to 1,950,000 ohms. Toler- 
ances can be as close as 0.1 per 
cent. Each resistor consists of 
enamelled alloy resistance wire, 
non-inductively pie-wound on rigid, 
steatite bobbins and welded to the 
terminal for permanently stable 
electrical connection. Ohmite Mfg. 
Co. 3664 Howard St., Skokie, Ill. 


Circle No. 40 on Reply Card 


Vacuum Gage 


Panel mounted vacuum gage 
gives instantaneous measurement 
of vacuum in the 1 to 1000 mu 
Hg range in tests of vacuum pump- 
ing and metal vacuum depositing, 
or in conjunction with vacuum 
processing equipment. Metal ther- 
mocouples in the sensing element 
are directly heated, therefore reach 
operating temperature within 0.5 


or dry chips, turnings and borings from 
any multiple spindle automatic machine. 
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It handles a continuous flow of hot, wet 


second. Nickel-plated gage tubes 
afford freedom from outgassing, 
system contamination and corro- 
sion. Calibration of the gage tubes 
is not affected by ambient temper- 
ature changes or exposure to at- 
mospheric pressure. Instrument is 
suitable for continuous reading or 
recording, measures 7 x 714 x 23,4- 
in., and weighs 3!~-lb. Hastings In- 
strument Co., Inc., Warwick, Va. 
Circle No. 41 on Reply Card 


Hinged-steel belting handles scrap as well 
as hot heavy and abrasive castings. Belt 


is economical maintenance-free. 
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High Resolution Voltmeter 


New laboratory standard volt- 
meter employs the nulling prin- 
ciple to achieve high resolution 
and accuracy and infinite input 
impedance over a wide range of 
voltage measurements, including 
extremely low dc voltages. Volt- 
age range is 0 to 100 v de, and 
resolution is at least 50 mu v up 
to 1 v, at least 500 mu v up to 10 
v, and at least 5 mv up to 100 v. 
Accuracy is within +0.1 per cent 
of reading, and linearity is better 
than 0.05 per cent. Instrument 
can be used as an electronic null 
indicator, as a comparison bridge, 
or aS a current meter. Because of 
its ruggedness, ease of operation, 
and portability, it can be used for 
production line testing and field 
use. It will measure computer 
voltages, power supply regulation, 
electrochemical potentials. It can 
also calibrate meters, transducers, 
and strain gages, and can adjust 
voltage sources to specified values. 
In operation, the voltage to be 
measured is compared with the 
output of a precision attenuator 


Now is the time to put AUTOMATION 
to work .. . Now is the time to cut 
production costs ... May-Fran engineers 
design and build complete scrap 
handling systems for the automatic 
removal of machine turnings or chips. 
May-Fran conveyors will transmit 
scrap to ultimate point of disposal. 


Press Scrap systems can be made 
completely automatic. Hinged-steel belt 
will take scrap from presses, handle it 
through blanking, shearing, forming 
and baling processes, and deliver 

it to rail cars. 


May-Fran is prepared to engineer, 
fabricate and install complete conveyor 
systems to your specifications. 


DESIGNERS AND ENGINEERS 
OF COMPLETE SCRAP 


HANDLING SYSTEMS 


MAy-FRAN 


ENGINEERING, INC. 


across a highly stable internal sup- 
ply. The difference voltage ap- 
pears at the input of a high gain 
chopper amplifier. After phase- 
sensitive detection, this amplified 
signal is applied to a null indicat- 
ing panel meter. Precision attenu- 
ator is then adjusted for zero de- 
flection on the null meter. At this 
point the two voltages are identi- 
cal, and the value of the unknown 
may be read directly from the at- 
tenuator setting. Computer Co. of 
America, Div. of Bruno-New York 
Industries Corp., 149 Church St., 
New York 7, N. Y. 


Circle No. 42 on Reply Card 


Write today for 
complete information 
on how an automatic 
scrap removal system 
will cut your 
production costs. 


Bulletin MF-530 
describes the new 
Hinged-Steel 
conveyor belt. 


Bulletin MF-640 
describes the 
Chip-Tote conveyor 
which removes scrap 
from operating 
machines 


5003-MF 


1761 CLARKSTONE ROAD 


CLEVELAND 14, OHIO 





Motor for Chemical Service 


Specially designed for chemical 
applications, this new motor is 
totally enclosed and _ protected 
against corrosion for use in dan- 
gerous or damaging atmospheres. 
Motor features a stainless steel 
fan cover guard and a stainless 
steel stator band surrounding the 
inner enclosed case. A cast iron 
conduit box, sealed with a nonde- 
teriorating, impervious compound, 
and a cast iron ventilating fan, are 
provided, or a cast bronze fan for 
explosion-proof service. Cadmium 
plated screws and fittings, elon- 
gated bearing caps, normalized 
bearings, and a double sealed mois- 
ture drain are featured. Windings 
are asbestos protected, and lubri- 
cation is transverse. Motors may 
be furnished with ratings from 3 
to 150 hp. U.S. Electrical Motors 
Inc., Box 2058, Los Angeles 54, 
Calif. 

Circle No. 43 on Reply Card 


Extended Range for Recorder 


Electronic strip chart recording 
instrument couples a single scale 
with automatic range extension to 
extend measuring range by five 
equal suppression steps. This in- 
creases effective length of scale 
and measuring slidewire to five 
times that of single-range instru- 
ments with the same total measur- 
ing span. Readability of chart is 
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increased proportionally. Pen 
speeds are 2 or 41',-seconds for 
full scale travel, and basic chart 
speeds are 6, 30, and 120 in. per 
hour. Minimum span is 2.2 mv. 
Four additional suppression steps 
of 2 mv each are automatically 
switched into or out of the measur- 
ing circuit to meet varying require- 
ments and provide a total mini- 
mum range of 10.2 mv. Recorder 
is especially adaptable to measure- 
ment of any linear condition where 
the values vary throughout a wide 
range yet still require precise 
measurement, as_ in_ projectile 
stress testing in wind tunnels at 
supersonic speeds. Minneapolis- 
Honeywell Regulator Co., Indus- 
trial Div., Wayne & Windrim Aves., 
Philadelphia 44, Pa. 

Circle No. 44 on Reply Card 


Air Powered Hydraulic Vise 


New milling machine vise, called 
the WiltOmatic M-M, combines the 
speed of an air vise with the 
strength, compactness, and locking 
force of a hydraulic vise to meet 
industry’s need for an automatic 
machine vise. Fixture is expected 
to cut loading and unloading time 
by as much as 80 per cent, as well 
as eliminate expensive special pro- 
duction tooling when it is used as 
an automatic holding fixture with 
specially formed jaws. Touching 
off the air valve footswitch in- 
stantaneously places a 9000 Ib 
force on the jaws of the vise, yet 
tool is flexible and adjusts with 
ordinary crank handle motion to 
any desired opening. It can be 
locked manually or automatically. 
Swivel base is optional. Normal 
air line pressure of 90 Ib is recom- 
mended, but vise functions on any 
air pressure from 20 to 140 psi. 
Wilton Tool Mfg. Co. Inc., 925- 
941 Wrightwood Ave., Chicago 14, 
Ill. 

Circle No. 45 on Reply Card 


Disk Brake for Re-Rated Motors 


Designed for use on re-rated 3 
to 20 hp motors and for mounting 
on new 213 through 286 frame 
sizes, a magnetic disk brake is al- 
most 1 in. shorter than similar 
previous brakes. Maximum torque 
ratings available are 10, 15, 25, 35, 
50, 70, 75, and 105 lb-ft. This 
spring set, solenoid released brake 
is furnished for horizontal or ver- 
tical motor mounting, or for inde- 
pendent floor mounting. Enclosure 
may be standard or dust tight and 
waterproof. Brake is equipped 
with a new manual release, auto- 
matic reset wear indicator. Stearns 
Magnetic, Inc., 635 S. 28th St., Mil- 
waukee 46, Wis. 

Circle No. 46 on Reply Card 
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BELT CONVEYOR 


Open Link Conveyor Belt 


A new belt conveyor with an 
open type link is readily adapted 
to annealing, normalizing, stress 
relieving, and operation in draw 
furnaces where circulation of the 
heat in the furnace is essential. 
Conveyor operates in temperatures 
up to 1800° F, comes in widths of 
18 to 60-in., and adapts to long 
spans. It can be used with current- 
ly operating drums, and rail and 
roller supports made by the same 
company. Newly designed open 
type link features extra heavy 
hinge sections for long life, and is 
easily and quickly replaced when 
necessary. Standard Alloy Co., Inc., 
1679 Collamer Rd., Cleveland 10, 
Ohio. 

Circle No. 47 on Reply Card 
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STANDARD TYPE CV 
Twenty-nine units from l5va to 
10kva in a common power line and 
filament voltage ratings . . . regula- 
tion +1% or less with a total 
primary variation of 30% . . for 
electronic and electrical equipment 


ro! 4 cuit.. 
requiring close regulation. 


less than 3% 


HARMONIC-NEUTRALIZED 


Six units from 60va to 2kva.. . in- 
put range 95-125v, 
all the features of the Standard Type 
CV plus a harmonic neutralizer cir- 
« 1" 


TYPE CVH 


output ll5v... amd 500va... 
. regulated 

» regulated voltage with tion less than 3% 

harmonic distortion. 


ADJUSTABLE, HARMONIC- 
NEUTRALIZED TYPE CVL 


Two ac voltage supply units, 250va 
input range 95-125v, 
output range adjustable from 0-130v 
~1%, harmonic distor- 
..» for general lab 
work, testing and other applications, 


PLATE AND FILAMENT TYPE CVE 
Three units in popular power supply 
ratings . . . a single, compact source 
of filament and plate supply voltages 
. regulated to within +3 or less 
with line voltage variations of 100- 
130 volts .. . supplied with separate 
capacitor for chassis mounting. 


*]% stable voltage for automatic 
control equipment regardless of 
line voltage variations up to 30% 


The voltage-critical elements of 
electronic and electrical equipment 
for automatic control cannot operate 


to performance specifications in face 


of input voltage fluctuations. Stable 


input voltage can be easily provided 
with a Sola Constant Voltage Trans- 
former .. . built in as a component, 
or used externally as an accessory. 
Among the chief advantages of 
Sola regulators are: continuous, 
automatic regulation . . . response 
time 1.5 cycles or less ... no moving 
or expendable parts . . . immediate 
availability of 40 stock units... and 
custom units to your specifications 


in production quantities, 


TYPICAL EXAMPLE OF SOLA VOLTAGE REGU- 
LATING ACTION. The recording on the left 
represents a fairly common condition of voltage 
fluctuation on a 115v line. The chart on the right 


Constant Voltage 


TRANSFORMERS 
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was made at exactly the same time from the same 
line, The primary of the Sola regulator was fed the 
voltage charted on the left, the voltage charted on 
the right represents its secondary output, regulated 
to within +1% of 115v. 


Write for a 28 page bulletin with 
complete electrical and mechanical 
specifications on these Sola units. 
Request BULLETIN 25K-CV-200. 








Fluid Cushioned Speed Reducer 


Fluid cushioned starting and 
worm type speed reduction are de- 
signed into a new unit for power- 
ing loads which require smooth 
and gradual acceleration (mixers, 
conveyors, centrifugals). Ring or 
foot mounting is possible in 16 dif- 
ferent positions for installation in 
tight or inaccessible places. Re- 
ducers are available in 13 and 14- 
hp, %4 and 1-hp, 1!2-hp and 2-hp 
models in correspondingly larger 
frame sizes. Speed reductions are 
from 24 to 140 rpm. Reuland Elec- 
tric Co., Alhambra, Calif. 
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AC Circuit interrupter 


Interrupter provides _ stepless 
temperature control of electric 
ovens, furnaces, driers, evapora- 


tors, and dehumidifiers without the 
use of rheostats by providing cyclic 
interruption of full ac line circuit 
according to ‘‘on’”’ time selected. If 
dial is set at 50 per cent, a one- 
minute cycle puts power on 30 sec- 
onds and off 30 seconds, while set- 
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ting of 25 per cent calls for 15 
seconds on and 45 seconds off, etc. 
Full range from zero to 100 per cent 
is calibrated on dial. Timing cams 
and contact arms are made of pre- 
cision molded nylon to reduce wear, 
noise, and friction. Oiled-for-life 
rotor on the synchronous motor 
eliminates need for lubrication. The 
selector knob maintains its set- 
ting by means of a heavy wire 
spring stressed against the dial 
cam to absorb vibration. Heating 
loads up to 4.6 kw can be handled 
without the use of external con- 
tactors. Unit is available unen- 
closed or in explosion-proof hous- 
ing with external dial which can 
be surface or flush mounted. Au- 
tomatic Temperature Control Co., 
Inc., 5200 Pulaski Ave., Philadel- 
phia 44, Pa. 
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Testing Program Controller 


Line of control instruments for 
use in environmental test cabinets 
can be used to initiate and main- 
tain entire programs of varying 
climatic conditions within the test 
cabinet, and to simulate any de- 
sired temperature, humidity, or al- 
titude conditions. Instruments can 
also bring temperature, pressure, 
or vacuum up to any desired value 
and maintain it for a_ predeter- 
mined length of time. Control ac- 
curacy is 1-per cent of full scale 
value. Controllers are available in 
one or two case models, with elec- 
tric on-off or proportional input 
control, or with pneumatic control 
in proportional, reset, or derivative 
modes. Two-case models mount 
one above the other or side by side 
to suit cabinet requirements. Plas- 
tic or aluminum cam acts as tem- 
plate for program, and can be 
changed in seconds for another cut 
to a different program. Bristol Co., 
Waterbury 20, Conn. 
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Air Cylinders 


New line of Studmount cylinders 
has 114% bore with strokes in inches 
and half-inches from 1 to 6-in. 
maximum. Double acting cylinder 
has nickel plated brass heads which 
are screwed into the honed and 
“Copper - brited’”’ cylinder tube. 
Stainless steel piston rod is screwed 
and brazed to the brass piston. 
Standard “O” rings seal both pis- 
ton and piston rod. Flange, foot, 
and piston rod clevis mounts are 
available. A. K. Allen Co., 57 
Meserole Ave., Brooklyn 22, N. Y. 
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DC Tachometer Generator 


A permanent-magnet field as- 
sembly is incorporated into a new 
line of tachometer’ generators. 
These units are used principally as 
rate generators, but can be com- 
bined with standard voltmeters as 
direct-reading tachometers. In ad- 
dition, they may be used as under 
or over-speed indicators, as syn- 
chronizers of rotating machinery, 
and as speed synchronizing con- 
trols. Generator has aluminum 
housing, low-torque ball bearings, 
and anodized finish. Output volt- 
age is controlled to within 1 per 
cent of the same value for either 
direction of rotation. Available 
outputs are 2.5 and 7 v per 1000 
rpm. Flange mounting arrange- 
ment is usually used, and a syn- 
chro type mount is available if de- 
sired. Servo-Tek Products Co. 
Inc., 1086 Goffle Rd., Hawthorne, 
N. J. 
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Pressure Transmitter 


Potentiometer is isolated from 
actuating pressure in a_ small, 
rugged, potentiometer type pres- 
sure transmitter with pressure 
range of 15 to 80 psi. Primarily an 
absolute pressure instrument, gage 
and differential pressure models 
are available for operation by both 
atmospheric and fluid pressures. 
Sensitive bellows moves brushes of 
one or two precision potentiom- 
eters, and output is linear with 
pressure. Resistances of 2000 to 
15,000 ohms can be furnished, with 
5000 and 10,000 ohms considered 
standard. Operating range is — 50 


- yh 
a 


to 90° C. Weighing only 8-oz, unit 
measures 2-in. in diameter and 2!»- 
in. long. Adaptations are to air- 
craft and missile control circuits, 
air computers, altitude or air speed 
measurement, pressure telemeter- 
ing and industrial control. Genisco, 
Inc., 2233 Federal Ave., Los An- 
geles 64, Calif. 
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Relays for Annunciators 


Plug-in relay unit can handle 
over 100 signalling sequence oper- 
ations, can accommodate either 
normally open or normally closed 
field trouble contacts, and can be 
changed easily for maintained or 
momentary service while in the 
field. More than 100 standard cir- 
cuits are available, many with wir- 
ing which permits variation in cir- 
cuits by simple changes in the 
terminal wire connections. ‘“Unit- 
ized’”’ construction facilitates as- 
semble into any number of multiple 
alarm stations from a single unit 
to many hundreds. Complete an- 
nunciator systems can be supplied 
from a single unit with all stations 


PLUG-IN 
RELAY UNIT 


TEs 70 
aT TAT 


ih 


being served by a common ac- 
knowledging pushbutton and a 
common sound device. Relay plug- 
in units can be used with annunci- 
ators employing illuminated name- 
plates and turret lenses, or remote 
lamps, as well as 2-color split and 
bull’s-eye lenses. Cam operated 
heavy duty motor driven flashers 
can be used with either hermetical- 
ly sealed or general purpose units. 
Flasher either occupies one station 
in the annunciator chassis or is 
mounted on back of annunciator 
cabinet. Tigerman Engineering Co., 
4332 N. Western Ave., Chicago 18, 
Til. 
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Fe ML La 


This Model 400 Tumble Hopper will feed Washers, Nut Blanks, 
Nuts, Special Stampings, etc. up to 2” diameter at high feed 
rate to Assembly Presses, Centerless Grinders, Secondary 
Operation Machines or other High Production Machinery. 


The Model illustrated is 24 inches in diameter, is self- 
contained and is mounted on a flat base. It is 
rigidly built for high production, is powered with a 
Y%4 H.P. 3-phase motor and equipped with a variable 
speed drive. Two smaller models are available. 


FEEDALL Automatic Feeders are made with 
Hopper, Rotary, Vibratory or Blade Feeds. 
Send samples of prints with your production 
requirements and let us tell you how FEEDALL 
can help you. 


FEEDALL 


MACHINE AND ENGINEERING CO 


_ aS eh SR Se Be ee OH! O U.S.A 
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ELECTRONIC ENGINEERS 


North American’s Aviation Missile 
and Control Equipment Department 
offers unusual opportunities for en- 
gineers in the following fields: 


FIRE CONTROL SYSTEMS 
RADAR 
ANALOG & DIGITAL COMPUTERS 
INSTRUMENTATION 
TRANSISTOR CIRCUITRY 
SERVOMECHANISMS 
SYSTEM TESTING 


Openings exist at both senior and 
junior levels. BS, MS or PhD in 
Mathematics, Physics or EE re- 
quired. Junior engineers with this 
educational background, without 
experience, will be accepted for 
training in the above openings. 


For additional information please 
forward resume to: 


Missile & Control Equipment Dept. A, 
Engineering Personnel 


NORTH AMERICAN AVIATION, INC. 
DOWNEY, CALIFORNIA 


In the N. Y. area, please contact our repre- 
sentative, Mr. G. W. Benedict; 19 Rector St., 
Rm. 1609, N. Y. 6, N. Y. 


what 
article 


in this issue would you 
like to have in your file? 


Just circle the page num- 


ber on the reply card* 


and we'll do the rest. 


a 


THIS SERVICE IS FREE. 
See page 99. 


Pressure Switch 


Isolation of electrical from me- 
chanical units is featured in a 
heavy duty pressure switch which 
is ideally applied to industrial and 
service station air compressors and 
domestic water pumps. Wiring can- 
not interfere with working parts 
of the switch. All parts with bear- 
ing surfaces are of stainless steel, 
and all other operating parts are 
of plated steel or a noncorrosive 
material. Diaphragm is of nylon 
reinforced neoprene, and contacts 
are silver alloy and highly resistant 
to welding. Looping wire or using 
lugs or grommets is unnecessary. 
Skinned wire is simply inserted 
and tightened with screw driver. 
“Straight through” wiring is ac- 
complished by conduit openings for 
a \% or 34-in. conduit on each side 
of the case. Operating range and 
differential are set at factory to 
buyer’s specifications, can then be 
adjusted with a screw driver and 
small wrench. Cutler - Hammer, 
Inc., 315 N. 12th St., Milwaukee 1, 
Wis. 
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Germanium Diodes 


Two functions are covered by 
six new germanium diodes recent- 
ly added to company’s regular line. 
One model, the Video Detector Di- 
ode, is designed for use in tele- 
vision receivers. The other five 
models are recommended for 55° 
C operation where stability and 


long life are required, such re- 
quirements as might be encoun- 
tered in computer applications. 
These diodes have passed severe 
tests in the quality control depart- 
ment and are said to give good 
performance over long periods of 
constant use. Wax impregnation of 
interior vacuum protects diode 
against fumes and moisture. Sele- 
tron & Germanium Div., Radio Re- 
ceptor Co., Inc., 251 West 19th St., 
New York 11, N. Y. 
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Fast Analog-Digital Converter 


When used with data handling 
systems or digital computers this 
new converter simplifies and 
speeds up analog-digital conversion 
by eliminating ambiguity and in- 
termediate analog steps. Two pick- 
off brushes are used for each track 
of the code disc, except the first, 
to erase ambiguity. Signal travels 
from shaft to code discs to either 
a relay system or diode scanning 
network followed by a single flip- 
flop. While discs are made for 
binary operation, other systems 
may be ordered. Control circuits 
can share time for multicontrol 
systems by using isolation diodes 
in series with each pick-off brush 
for scanning many converters. 
Digit output frequency runs from 
500 cycles to 1 megacycle or more, 
and normal operating expectancy 
of unit is 5 million cyclings at a 
rate of 1-2 rps. Weighing 8 oz, 
the converter measures 2-in. diam 
and approximately 2% to 5-in. 
long. Models are available with 
7, 13, 17 and 19 digit units. Libra- 
scope, Inc., 1607 Flower St., Glen- 
dale, Calif. 
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Tachometer-Generators 


Permanent magnet de tachom- 
eter-generators are available in 
two sizes and in three frames: M- 
22 and M-24 frames for flat and 
flange mounting, respectively, with 
1 v output per 100 rpm; L-24 for 
both flat and flange mounting, 
with 3 v output per 100 rpm. Tol- 
erance on output voltage is +10 
per cent in all models, and output 
at constant ambient temperature 
is lineal +1 per cent with speed. 
Speed range is 50 to 5000 rpm, 
and output is constant within =-5 
v for rotation in either direction 
at constant speed. Frame is of 
aluminum, shaft of _ stainless. 
Units have 11-slot armatures and 
commutators and vacuum impreg- 
nated Formvar type windings. M- 
22 and M-24 models are 3'-in. 
long, 2144 and 2'%-in. in diameter, 
while L-24 is 4-in. long, with di- 
ameter of 2%-in. Shafts extend 
©°g-in. Instrument Motors, Box 5, 
Stamford, Conn. 
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a 
Flare Connector 


A new flare connector has been 
added to Swagelok tube fittings 
for easy changeover from flare fit- 
tings to tube fittings. Connector 
has proven satisfactory for both 
testing and permanent installa- 
tions. Torque-free, leakproof seals 
are featured for all connections. 
Complete range of sizes is avail- 
able from ‘, to 1-in. in brass, alu- 
minum, steel, stainless steel, Monel, 
and other machinable' metals. 
Crawford Fitting Co., 884 E. 140 
St., Cleveland 10, Ohio. 
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WEEN re ks 


MESS COED aS 


TO MEET YOUR REQUIREMENTS 


In roller conveyors, it’s the bearing that 
counts! And BUSCHMAN conveyors use 
only performance-proven bearings... 
engineered for long life and trouble-free 
operation in every type of service. No 
matter what normal operating conditions 
may be, BUSCHMAN has a conveyor pre- 
engineered to meet your needs. 


Conveyors are available with various 
types of rollers and frames, in different 
sizes and spacings, and in any width from 
6 inches on up. BUSCHMAN can supply 
45° and 90° curved sections, switches, 
spurs, work stations and other compo- 
nents to provide a complete, efficient 
materials handling system. 


For Complete 


Details, Write For 


,oou<t MORE FOr eat 


Merscsueye 


OWHVEY 014 


16-page Catalog 


No. 60 Today. 


THE E.W.BUSCHMAN COMPANY 
4544 Clifton Ave. * Cincinnati 32, Ohio 


COMPLETE CONVEYOR SYSTEMS FOR ALL TYPES OF INDUSTRIES - ENGINEERED - MANUFACTURED - INSTALLED 
Representatives in Principal Cities * Canadien Licensed Manufacturer: J. A. McKechnie, Ltd.. Torento 
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PATENTS 


Controls 


FOLLOW-UP TYPE CONTROL VALVE 


Transmitter for a pneumatic telemetering sys- 
tem incorporates measurement and differential 
members, bell cranks, bellows, pilot valves to the 
end that the pilot valve couple assumes a null posi- 
tion when a predetermined fluid pressure exists in 
the expansible-contractible chamber for each posi- 
tion of the measuring member. Patent 2,675,015 by 
Harvard H. Gorrie, assigned to Bailey Meter Co. 


CHECK VALVE 


Opposite terminal ports with intermediate valve 
chamber, tapered nosed valve member so shaped 
that when inlet pressure forces valve from seat an- 
nular spring chamber is sealed off from entry of 
fluid passing through valve. Patent 2,675,021 by 
Frederick A. Allin, assigned to Weatherhead Co. 


CONTROL SYSTEM AND CARRIAGE MOVING MEANS 
FOR FLYING CUTOFF APPARATUS 


Cam means operated by tube mill accelerates 
carriage to speed synchronous with the tubing to 
which carriage is then clamped, whereupon the 
cutting means severs tubing while continuously ad- 
vancing. Independent arrangement returns carriage 
to pick up next length. Patent 2,675,076 by Halton 
A. Billetter, assigned to McKay Machine Co. 


TENSION CONTROL FOR TRAVELING STRIP MATERIAL 


Compressed air under uniform pressure is fed to 
pneumatic braking means. Device between supply 
spool and withdrawing mechanism is movable in 
response to variations in tension and connects to 
brake in such a manner as to bleed off a portion 
of the air and vary the retarding effort. Patent 
2,675,191 by George P. McGraw, Jr., assigned to 
Western Electric Co. 


. 


Data Processing 


HIGH-SPEED REPERFORATOR 
Means for continually and cyclically actuating 


Copies of patents are available at 25 cents 
each from the Commissioner of Patents, 
Washington 25, D. C 


the punching mechanism to perforate a tape. Means 
to preclude associated punching means from action 
and electromagnetic arrangement to cancel out 
the precluding. Means for advancing the tape in 
proper timing with the punching. Patent 2,675,078 
by Walter J. Zenner, assigned to Teletype Corp. 


CODING AND DECODING DEVICES FOR STATISTICAL 
MACHINES 


Coding device has means to sense data repre- 
sentations of numerals from a record, and actu- 
ated coding elements to transmit impulses of code 
representation of the numerals. Decoding device 
has columns of translator elements representing 
uncoded numbers; these elements selected by de- 
coding bars which normally obstruct their move- 
ment. Patents 2,675,176 and 2,675,177 by John 
Perrin, assigned to Powers-Samas Accounting Ma- 
chines Ltd., England. 


+ 


Handling 


ARTICLE FEEDING APPARATUS FOR AUTOMATIC 
MACHINES 


Loading manifold with horizontally spaced pock- 
ets on a circle concentric with the manifold center 
—a circular transfer member within the manifold 
with recesses in its periphery that come tangent 
to the circle of spaced pockets such that the pock- 
ets are in turn loaded and unloaded as the device ro- 
tates. Patent 2,675,117 by Edwin C. Pinsenschaum, 
assigned to Denison Engineering Co. 


REEL FOR FEEDING COIL STOCK 


Tension sensitive arm actuates switch means con- 
trolling energization and deenergization of elec- 
tromagnetic clutch connecting motor and reel shaft. 
Patent 2,675,190 by Chester M. Wiig, assigned to 
F. J. Littell Machine Co. 


OVERHEAD CRANE TROLLEY TURNTABLE 


Hoist drums mounted on body are each driven 
by independently operated motors that straddle the 
drums and mount to the body in such a way as to 
be removable to facilitate servicing the drums. 
Patent 2,675,131 by Boris M. Osojnak, assigned to 
Heyl and Patterson Inc. 
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you can build cost-cutting special 
machines or modernize existing 
machines right in your own 
shop with your own personnel 


This semi-automatic set-up at Eastman Manufac- 
turing Co. doubled production and eliminated 
fatigue in milling bakelite magneto parts. 


This drilling machine, built by Horrocks-Ibbotson, turned out 1 
year’s production of their fishing reel pawl blocks in 3 months. 


Even for short runs you'll find special machines built around 
this versatile power unit will pay off in a big way —in 
greatly lowered costs, in fewer rejects, in better product 
quality. No expensive engineering is needed. In fact, your 
local Bellows Field Engineer may have in his Foto-Facts File 
basic designs that can be readily adapted to your product and 
your production processes. 


Your own tool room can build such special machines at 
decidedly low cost, and quickly. Often they pay for them- 
selves with the first week’s 


A simple installation cut lathe time on steel ae a 
ordnance parts from 90 to 10 seconds per piece 


at Joseph Pickard’s Sons of Philadelphia. Bulletin CL-5O tells the 


story of the Bellows Air 
Motor and the part it is 
blaying in cutting manu- 

y 4 h e Ss @) a4 cod - Oo P facturing costs in buun- 
dreds of plants 


Address. The Bellow 
IN CANADA: Bellows Pneumatic Devices of Canada, Ltd Co "ion "a ha 


4972 Dundas St., W., Toronto, Ontario Akron 9, Obio. 
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LATCH TRIPPING MECHANISM 


Station on the trackway of a conveying mechan- 
ism that has a looped tripping arm yieldably mount- 
ed on a pivot. Device opens latch on bottom of drop 
door dumping conveyance. Patent 2,675,135 by 
Alfred F. Sanford II, assigned to the Sanford In- 
vestment Co. 


SELF-ACTUATING RETURN CONVEYOR SYSTEM 


Inclined belt conveyor delivers article to normally 
inoperative pivoted conveyor above. Load tips piv- 
oted conveyor into operating position and load is 
delivered to return conveyor that is above inclined 
belt conveyor. Patent 2,675,118 by William E. Mor- 
rison, assigned to Armstrong Cork Co. 


ARTICLE FEEDING DEVICE 


Feeding tube is reciprocated vertically through 
apex of hopper cone thus maintaining top full of 
articles. Chuck at lower end of tube releases one 
part at lower end of down stroke and grasps next 
adjacent article at beginning of tube’s upward 
movement. Patent 2,675,647 by Henry W. Roeber, 
assigned to Sylvania Electric Products Co. 


° ° 


Machines 


APPARATUS FOR COATING INCANDESCENT LAMPS 
WITH A DIFFUSING COATING 

Disposable container within lamp envelope heats 
sublimed finely divided silica as diffusing medium. 
Photoelectric arrangement automatically shuts off 
heat when desired coating density is obtained. Pa- 
tent 2,674,973 by Luke Thorington, assigned to 
Westinghouse Electric Corp. 


DEVICE FOR FEEDING AND COATING FLAT ARTICLES 


Cards with terminals, end portions of which pro- 
ject beyond the card, are supported while a pair 
of jaws with oil impregnated pads wipe oil onto 
the ends of the terminals. Patent 2,674,976 by 
Charles J. Roach, assigned to Western Electric Co. 


APPARATUS FOR WINDING CONDENSERS 


Support means and guide rolls for a pair of metal- 
lized tissue strip supply rolls and mechanism for 
winding both on work arbor and cutting off device 
for end of windup. Patent 2,675,188 by Leonard 
O. Larsen, assigned to Western Electric Co. 


AUTOMATIC MOLDING MACHINE 


Material fed through mold block to cavity by pis- 
ton and cylinder action. Moveable mold block has 
knockout pins that remove parts from mold. Ma- 
chine is equipped with ejector means that moves 
into space between movable block and knocked 
out part to free part from knockout pins. Patent 
2,675,583 by George A. Scherry assigned to Gray- 
hill. 


PEACH AND APRICOT PITTING MACHINE 


Conveyor apparatus with sets of wires that pass 
along both sides of the fruit seed and sever the 
flesh therefrom. Uses fruit carrying elements with 
side members cut out for receiving fruit seed and an 
inclined surface for guiding ejected seeds. Patent 
2,675,039 by Frank W. Bauer. 


MOLD FEEDING APPARATUS 


Feed member periodically moved forward into 
register with mold cavity and returned to register 
with supply means. Equipped with adjustable 
adapter means to vary the capacity of the plastics 
powder measuring compartment. Patent 2,675,584 
by Norman Fienberg and Alan Reginald Calder, 
assigned to A. C. I. Plastics Proprietary Ltd., Aus- 
tralia. 


Machine Tools 


AUTOMATIC COPYING MILLING AND GRINDING MA- 
CHINE 

Parallel arranged pattern and work blank mounts 
each supported on two mutually perpendicular piv- 
ots such as to wobble about the junction of these 
axes. Mechanism to transmit all wobble movements 
of the pattern mount to the work mount and main- 
tain their parallel relationship. Tool spindle and 
feeler spindle are mounted parallel above the work 
and pattern and carry geometrically identical mem- 
bers linked to maintain constant relation. Patent 
2,675,652 by Ruggero Chiappulini, assigned to 
Aktiengesellschaft Brown, Boveri and Cie., Switzer- 
land. 


Measuring 


NONCONTACTING WIDTH GAGE 


Electron-optic electric signal generator produces 
one series of pulses for position of each edge of 
strip material. Electric signal intergrating means 
intergrates the two series of pulses and gives out- 
put indication of strip width. Patent 2,674,917 by 
Harry R. Summerhayes, Jr., assigned to General 
Electric Co. 


TEMPERATURE MEASURING APPARATUS 


Heater in constant heat loss chamber actuated 
by controller connected to first junction of one 
thermocouple. Second thermocouple has one junc- 
tion for reference to’ constant temperature—the 
other junction is a sensing element exposed to 
temperature being measured. Patent 2,674,883 by 
Waldo H. Kliever, assigned to Minneapolis-Honey- 
well Regulator Co. 


NONCONTACTING WIDTH GAGE 


Electron cameras arranged for vertical scanning 
of opposite edges of object present electric signal, 
related to position of edge, to mixing circuit which 
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provides a composite electric signal related to total 
width of object. Patent 2,674,915 by Roy E. An- 


derson, assigned to General Electric Co. FREE to Design, Plant, and Safety Engineers 


Packaging = ® NEW, COMPLETE REFERENCE FILE 


SPOT PASTING MACHINE OF BARKSD 


Oscillating ejection means puts portions of an 
adhesive on web of material moving along a path. 
Patent 2,674,978 by Clinton R. Hollis, assigned to 
Chemical Packaging Corp. 


OLIVE PACKING MACHINE 


Unit individually places articles such as olives 
and the like in predetermined relation within an le Inctades 


open-topped container. Article receiving and re- important general information such as a detailed description and 
taining element is provided with horizontal and illustration of the Shear-Seal principle, the only new valving prin- 
vertical movements in controlled path of cycle. ciple in centuries; covers manual and solenoid valves. 
Container-receiving structure rotates through pre- 

determined are and lowers elevation after each 

layer has been packed. Patent 2,675,153 by Gerald 

A. Weimer, assigned to Ernst and Ernst. 


St 


WRAPPING AND PACKAGING MACHINE 


Feeds webs of wrapping material above and be- 
low a horizontal plane of movement of articles to 
be wrapped—-cuts, overlaps and heat seals the - It contains 
edges. Patent 2,673,430 by Leo S. Fleischer and a simplified chart for pressure switch selection, which sheds new light 
Richard C. Tackenberg, assigned to The Crystal on a subject shrouded in mystery. 


Tissue Co. It presents the only line of solenoid- —— — — — ~| 


pilot valves for air and low pres- 


CONTAINER CLOSING MACHINE WITH CENTERING sure liquid with guarantee for 
DEVICE longer solenoid and valve life. 


Fingers centralize tubular container on lifter pad. 
End member attached in raised position of lifter- 
feeding means to remove containers. Patent 2,672,- 
791 by Howard B. Peterson and Edward DeGear, 
assigned to American Can Co. 
Down to the handy pop-up tab, nothing has 
been overlooked in providing a more useful ref- 
Tooling erence to the design engineer concerned with 
hydraulic components. 


DIE MECHANISM » Use the coupon below to get your free copy of 
: this valuable information, indispensible to mod- 

Female die sections in superimposed stack forma- ern hydraulic control. 
tion for trimming helical peripheral sections from N ? << 
previously formed blanks. Patent 2,674,924 by 4 BARKSDALE VALVES 
Moritz H. Nielsen, assigned to Illinois Tool Works. 5125 ALCOA AVE., LOS ANGELES 58, CALIF. 


Warehousing Please send a copy of the above described Free catalog 4G. 


EE 
AUTOMATIC MASTER LOAD WAREHOUSING 


Transfer bridge platform suspended from an COMPANY 
overhead bridge crane by telescopic multicylinder 
hydraulic means controlling the spacing between ADDRESS 
platform and bridge. System remotely controlled 
by solenoid actuated hydraulically operated valve. CITY 
Patent 2,675,134 by Dean B. Becker. sacri colada aaa 
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CALLS FOR PRACTICAL EXPERIENCE 












AIR AND OIL 
HYDRAULIC CYLINDERS 


AUTOMATICALLY 
CONTROLLED VALVES 





VARIABLE VOLUME 
HYDRAULIC PUMPS 





PACKAGED POWER UNITS 


For over three-quarters of a century H-P-M engineers have 

designed equipment — and motions — for varied requirements, Now, 
with a complete line of air and hydraulic components as part of 

our standard line you are assured of complete responsibility for your 
automatic systems. The hydraulic cylinders, valves, pumps and 

power units illustrated are typical of the air and oil hydraulic equipment in 
the H-P-M line. Call in the H-P-M Field Engineer in your locality 
when power, or the control of power, is your problem. The 


experience of the H-P-M organization will be of real assistance. 


HYDRAULIC 


This 28-page condensed , ; 
catalog covers the com- 
plete H-P-M line of 


hydraulic components. 
Write for your copy. , aa a S | @) | 


DEPT.-B ; THE HYDRAULIC PRESS MFG. CO 
MOUNT GILEAD, OHIO, U.S A 
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New Tube for Flow Metering 


Builders-Providence, Inc.—Dall flow tube, 
& new, short differential producing, metering 
device is subject of a i6-page engineering 
bulletin. Flow tube is said to have the low- 
est permanent loss of head of any known 
velocity-increaging differential producer. In- 
formation includes recovery characteristics, ac- 
curacy, applications, range, flow formula, lay- 
ing length, and working pressure, Sections dis- 
cuss installation, power consumption, effect 
of approach and downstream piping and fit- 
tings, and location of instruments. Tables 
and graphs are included to aid in selection 
of the proper flow tube and secondary in- 
struments. 

Circle No. 60 on Reply Card 


Contract Tooling for Industry 


Mechaneers Inc.—Booklet is available on 
company’s package tooling program for in- 
dustrial clients. Case histories cited include 
an electric switch company requiring a fast 
automatic testing machine but with inadequate 
tooling and development facilities of their 
own. Service company’s program starts with 
consultation on product blueprint and carries 
through to actual production without exceed- 
ing predetermined cost or delivery date. 


Circle No. 61 on Reply Card 


Hydraulic and Air Cylinders 


Hanna Engineering Works — New line of 
fluid power cylinders features large capacity 
to size ratio, corrosion resistance, minimum 
friction, interchangeable components, positive 
eushioning, air operation up to 250 psi, and 
hydraulic operation up to 750 psi. Capacity 
charts, mounting installations, dimensions, and 
accessories are set forth in a i4-page catalog, 
as well as a check list of considerations to 
be taken in cylinder application and ordering 
specifications. 


Circle No. 62 on Reply Card 


DC Indicating Amplifier 


Doeicam Corp.—Data sheet gives engineering 
data, performance curves, and typical appli- 
cations of a new dc indicating amplifier. Unit 
is designed primarily as a polarity-sensing 
microvoltmeter for direct measurement of low 
Jevel de signals, for amplification to provide 
flat response to greater than 20 cycles per 
second to drive commercial pen motor or 
galvanometer recorders. 


Circle No. 63 on Reply Card 


General Purpose 2-Way Valve 


Automatic Switch Co.—Pertinent data on 2- 
way, internal pilot operated, solenoid valves 
is set forth in a 4-page bulletin. Valves con- 
trol flow ef air, gas, water, light ol], and 
other noncorrosive fluids, and can be applied 
to instrumentation, machine tools, and ap- 
pliances. Dimensional diagrams, flow charts, 
and list prices included. 


Circle No. 64 on Reply Card 
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Oxygen-Free Atmosphere 


Arnold O. Beckman, Inc.—-Accurate instru- 
mentation and process regulation provide in- 
ert, oxygen-free gases to heat treating, weld- 
ing, sintering and coating of metals. Bulletin 
listing and describing necessary equipment is 
titled “‘Atmosphere Furnaces’’. 


Circle No. 65 on Reply Card 


Variable Speed Drive and Cortrol 


U. 8. Blectrical Motore Inc.—An automatic 
drive and contro] for use in operations involv- 
ing variables such as temperature, pressure, 
speed, liquid level, weight, tension, and posi- 
tion are known as Varidrive and Varitrol. 
Four-page bulletin gives operating data and 
applications which include program and ma- 
chine tooling control. Varitrol is basically a 
pneumatic amplifier composed of a power and 
a signa) system. High pressure power sys- 
tem operates piston in the cylinder, is con- 
trolied by a low pressure signal system. Drives 
are available from \% to 30 hp with speeds 
from 14 to 14,000 rpm. 


Circle No. 66 on Reply Card 


Synchronous Motor-Alternator 


Electric Motors and Specialties, Inc. Motor- 
alternator can be applied to laboratory test 
equipment, servos, electronic controls, indicat- 
ing systems or any other device requiring a 
source of single or three-phase, 420 c.p.s. 
current. This Model SA-40 has two-bearing 
construction, single shaft for motor and al- 
ternator and weighs 60 Ibs. Data sheet in- 
cludes standard dimensions and typical per- 
formance data. 


Circle No. 67 on Reply Card 


Dynamic Pressure Measurement 


Statham Laboratories, Inc.—The 27th issue 
of Instrument Notes, a series of design data 
summaries in the physical measurement field, 
is available to those interested in evaluating 
the design of transducers for the measure- 
ment of dynamic pressures in liquid systems. 
Kight-page study points out principal factors 
influencing the selection of unbonded strain 
wire transducers for measuring dynamic pres- 
sures in liquid systems, and presents calculat- 
ed and experimental data demonstrating effect 
of varying some of the design parameters of 
pressure transducers. Author evolves a simple 
method for predicting the natural frequency 
and damping ratio of a liquid-filled tube plus 
transducer system by means of a small-bore, 
graduated glass capillary tube and a source 
of known pressures. 


Circle No. 68 on Reply Card 


Automatic Shovel 


Hamilton Automation, Inc. Illustrations and 
specifications of automatic shovel are included 
in this bulletin sheet. Shovel is air operated, 
removes parts from punch press dies auto- 
matically and is a self-contained unit. 


Circle No. 69 on Reply Card 


Here is the latest in automation “how-to”—yours for the asking. 


Plug Valve Actuators 


Ledeen Mfg. Co.—Tandem type actuators 
for valves requiring high torques for opera- 
tion, and new floating bar type actuators for 
valves requiring lower operating torques are 
subjects of an 8-page bulletin. Actuators are 
pneumatically or hydraulically operated for 
remote control and automatic processing ap- 
plications, can be installed on new valves or 
existing valves already im service. In ad- 
dition to an actuator selection table, bulletin 
gives typical applications, dimensions and 
weights, and illustrates various mountings 
and accessories. 


Circle No. 70 on Reply Card 


Magnetic Particle Clutches, Brakes 


Vickers Electric Div., Sperry Corp.—Four- 
page bulletin describes ‘“‘Magnecluich’’ and 
**Magnebrake”’ line which operates on a mag- 
netic particle principle. Clutch transmits 
torque through the magnetic medium to pro- 
vide smooth acceleration, may be operated 
manually, by adjustable resistor, potentiome- 
ter, or automatic control. Gears, sprockets, 
linings, pressures, and other mechanical! clutch- 
ing devices are eliminated. Magnebrake pro- 
vides preset or adjustable braking, from full 
speed to standstill, without grab or friction 
wear. Suggested applications include conveyors, 
dynamometers, automatic lathes, pumps, sepa- 
rators, and vibrators. 


Circle No. 71 on Reply Card 


Controlled Volume Pumps 


Milton Roy Co. Twenty-page bulletin de- 
scribes use of controlled volume pumps as flow 
controllers, ratio controllers and final con- 
trol elements in process instrumentation. 
Types, operation and applications of pumps 
in chemical, petroleum, paper, food, water 
tredting and other industries are included, 
along with engineering data. 


Circle No. 72 on Reply Card 


Tests for Lebricating Oils 


Crippin & Erlich Labs, Inc. This four- 
page bulletin lists test for fuels, coal, tars, 
asphalts, petroleum and oils which are used 
to lubricate and power automatic equipment. 
More than 60 tests are included im the bulle- 
tin. 


Circle No. 73 on Reply Card 


Highlights in PEC Progress 


Patterson, Emerson, Comstock, Inc. Pie- 
tures and descriptions of company products 
and achievements comprise this 44-page bulle- 
tin. PEC electrical construction installations 
in boiler houses, switchyardés, substations, 
are furnaces and strip m'": im operation are 
among illustrations. <A list of PEC’s princi- 
pal clients is also included. 


Circle No. 74 on Reply Card 
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Plastic Heat Sealing for Packaging 


Vertrod Corp.—Heat sealers which weld 
thermoplastic films, heated by short, powerful 
heat impulse and then cooled under pres- 
sure, are subject of illustrated 4-page bulletin. 
Machine consists of two metal bars which 
act as jaws. Pressure bar has soft rubber 
surface, while heater bar consists of an in- 
sulated resistance wire. Jaws close over 
film, current impulse is applied, weld cools 
under pressure and develops full strength. 
Heat sealing may be used on manual or 
foot operated sealers, on power-driven bag 
sealing and bag making machines, and fully 
automatic packaging equipment. Various 
models and prices listed. 


Circle No. 75 on Reply Card 


Tools of Automation 


Reliance Electric & Bngineering Co. Auto- 
mation of single machines or continuous proc- 
esses is discussed in this 12-page bulletin. 
Separate sections are devoted to precision 
built motors, V-S drives, controls and regu- 
lators with pictures and data covering each. 
Final section includes captioned photographs 
which illustrate automation at work in many 
industries, 


Circle No. 76 on Reply Card 


Power Spray Washers 


Peters-Dalton Inc. — Spray washers, de- 
signea for use in metal-working industry are 
the subject of this 15-page bulletin. Wash- 
ers can be used on television tubes, heavy 
machined parts, rotary shells, meat hooks, 
helical drums and numerous other types of 
equipment. Layouts and applications, along 
with 15 engineering drawings of most com- 
monly used washers are included. 


Circle No. 77 on Reply Card 


Rotary Tebles for Indexing, Milling 


Power and Speed Control Combination 


Dynamatico Div., Baton Mig. Co.—Frac- 
tional horsepower Adjusto-Spede drives are 
&@ combination of ac constant speed induction 


Potentiometer Handbook 


Technology Instrument Corp. This compre- 
hensive 234-page loose-leaf publication proves 
an informative guide for the users of pre- 
cision potentiometers. Divided into two sec- 
tions, handbook and catalog, it gives thorough 
coverage to the basic elements of a precision 
potentiometer, its terminology, characteristics, 
and applications. The catalog section includes 
a complete description of the TIC precision 
potentiometer line and the entire book is 
supplemented with sketches, charts and speci- 
fications sheets. 


Circle No. 80 on Reply Card 


Automated Machine Tools 


Turchan Follower Machine Co.—Three au- 
tomation systems offered by company are 
(1) automatic control systems for machine 
tools already in use, (2) entirely new servo 
controlied machine tools, and (3) servo con- 
trol systems bullt into products of major ma- 
chine tool manufacturers at their plant. Well 
illustrated and diagrammed 24-page bookie? 
discusses principles of automation, shows 
typical control applications, and features two 
specialized tracer-controlied machines now in 
production—the hydro-router for production 
routing and milling, and the vertical con- 
teuring lathe for reproducing irregular con- 
tours. 


Circle No. 81 on Reply Card 


infrared Process Stream Analysis 


Perkin-Elmer Corp. — An infrared process 
stream analyzer can be used in the plant 
or field for most gas and some liquid analyses 
which lend themselves to solution by labora- 
tory infrared spectrometers. Analyzer is basi- 
cally an automatic recording, triple-beam, non 
dispersion plant instrument utilizing a servo 
driven attenuator comb in the third beam 
to produce a true radiation null at the de- 
tector. Six-page illustrated bulletin describes 
operation, specifications, and typical applica- 
tions. 

Circle No. 82 on Reply Card 


Adjustable Relays 


A. W. Haydon Co. New line of hermetically- 
sealed adjustable time delay relays for mili- 
tary operations under severe environmental! 
conditions is discussed in a two-page catalog 
sheet. Details on housings, settings, motors, 
operations, calibration, and hermetic sealing 
are included. Diagrams and chart give speci- 
fications of relays. 


Circle No. 83 on Reply Card 


Screwdriving Machines and Equipment 


Detroit Power Screwdriver Co. Thoroughly- 
illustrated, 40-page bulletin discusses com- 
plete line of screwdriver machines, fixtures, 
hopper units, nut drivers, and special assem- 
bly machines. Specifications, descriptions, ap- 
plications, photographs and dimensional lay- 
outs of various models are included in this 
comprehensive bulletin. 


Circle No. 84 on Reply Card 


Design of Saturating Servomechanisms 


Cook BElectrie Co.—A 16-page booklet en- 
titled, “‘Design Considerations of a Saturat- 
ing Servomechanism’’ takes general principles 
underlying multiple mode control of servo- 
mechanisms and determines optimum values 
with which the designer can synthesize a 
saturating linear servo system that wil! have 
@ response approaching that of the optimum- 
Yy switched servo. Relationsnaip between 
saturated and unsaturated regions is shown, 
and method whereby the effects of torque and 
velocity saturation can be considered when 
choosing the linear parameters. Effects of 
various damping factors upon the saturating 
response are described by phase plane analy- 
sis. Phase plane allows determination of op- 
timum response of system for a given motor 
and load. 
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Record Piayback Control 


General Electric Co.—Illustrated 6-page Dul- 
letin describes system of recording motion on 
magnetic tape and playing it back fer au- 
tomatic programming of production machines. 
Recording is taken by selsyns (synchros) 
coupled to feed motors to report motors’ angu- 
lar positions to tape by electrical signals. 
Recording can be taken of operator’s manual 
operation of machine, or, for more compiex 
parts, of motion of a tracer head. Still in 
planning stages are recording systems taken 
from line drawings requiring no machine 
setup, and operation from digital information 
which will be punched on paper tape. 


Circle No. 86 on Reply Card 


Loadmeter 


Detroit Milling Cutter Co. Described as 
the ‘‘arch enemy of tool breakage, machine 
breakdown and work spoilage’’, loadmeter is 
mounted on any type of motor driven equip- 
ment, indicates trouble, then instantly shuts 
off motor, feed, or whatever is necessary in 
individual case. Models L100 and L122 are 
furnished with 8’ leads. Four-page, two-color 
brochure contains pictures, descriptions, in- 
stallation instructions, and prices of three 
models. 

Circle No. 87 on Reply Card 


Precision Cams 


Ford Instrument Co. Three dimensional 
cams, with tolerances to +0.0005-in. and 
single input cams with tolerances to +0.0001- 
in. are described in this four-page bulletin. 
‘‘Three-D” cams can be used for jet fuel 
supply as a function of rpm and temperature; 
AA ballistic cerrections as a function of ele- 
vation angle and range or 
bomb characteristics as a function of air 
speed and altitude or dive angle; and mag- 
netic variation as a function of latitude and 
longitude. Functions cut into single input 
cams are: squares, roots, reciprocals, trigo- 
nometric functions, logs, reciprocals of square 


Bulletin is two-color; contains four pages. 
Circle No. 88 on Reply Card 
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Conveyor Rolls 


Bowley Co. ‘‘Z’’ design conveyor rolls, used 
for moving raw materials to machines and 
parts in process between operations, are the 
subject of a four-page illustrated brochure. 
Rollers continuously conform to varying con- 
tours of moving load, and are supplied in 
either soft or medium grade oil-resistant 
synthetic rubber, with %-in. socket head cap 
screws, tube-type spacers, and self-locking 
jam nuts. 


Circle No. 89 on Reply Card 


Miniature Actuator Motor 


Datmotor Co.—Engineering data, dimen- 
sional drawing, performance graph, and elec- 
trical and physical characteristics for an ac- 
tuator motor are set forth in a data sheet. 
This motor is a series-wound, 25 w, min- 
taturized unit, and is capable of 20,000 rpm. 
It is designed primarily as a driving element 
in low or high speed linear or rotary actuator 
applications. 


Circle No. 90 on Reply Card 


Hydraulic-Pneamatic Testing Panels 


Industrial Engineering Corp.—aA line of test 
stands and panels for analysis of hydraulic- 
Pneumatic flow rates, timing, calibration, and 
leak detection in valves, servos, motors, etc., 
features built-on flow diagrams so that op- 
erating instructions are in full view. Stands 
handie fluid testing at static pressures up to 
50,000 psig or flow rates up to 150 gpm. 
Six-page bulletin offers complete description 
plus information on company’s gage guard, a 
protective pressure cutoff control. 


Circle No. 91 on Repty Card 


Electrical Contact Rivet Slide Chart 


Fansteel Metallurgical Corp.—aA copyrighted 
slide chart is availabie to facilitate selection 
of solid or composite rivet type electrical con- 
tacts. Maximum and minimum dimensions 
for head thickness, shank diameter, and 
shank length for a given rivet head diameter 
can be determined for rapid and economic 
production of contact rivets on automatic 
heading machines. 


Circle No. 92 on Reply Card 


Automatic Spray fer Die Press 


Hamilton Automation Inc.—Die presses can 
be equipped with an automatic spray unit 
which will spray compound automatically at 
each press stroke in metered amounts to criti- 
cal locations. Press need not be stopped to 
spread compound on lower part of the die, 
compound is not wasted, and die life is in- 
creased. Folder is available describing unit 
and component s. 
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Zagar engineering equip- 
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| an eight-page brochure. 
ind semi-standerd equip- 
drill heads, self-clamping 
| heavy duty drilling ma- 
coaching machines, special 
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the chucks. Bulletin gives 
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fer 


Inc.—Assembly of plug- 
h associated transducers, 
rmation required by the 
‘ols governing operation of 
s armament. Eight-page 
how computer measures 
‘trical signals fundamental! 
defines environment and 
ft, and then uses signals 
produce functions of in- 
@ required form. Schema- 
ncluded. 


ircle No. 96 on Reply Card 
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Mfg. Co.—Nine separate 


f individual catalogs are: 

| power units; air and ol! 
(four catalogs); valves 

ons; valves and gasket 

and threaded connections; 
manual. 
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trol Instruments 


neering Corp.—Electronic 
pplied to petroleum, chem- 
ises, pressurized and vac- 
&. and continuous, auto- 
id control of gas or liquid 
luation of products and 
enumerates case histories 
es with good illustrations 
includes descriptive data 
yl and test instruments. 
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y Punched Cards 


Inc.—Multi-control repro- 
punched card procedure 


for descriptions, analyses and breakdowns, 
extending and computing, searching and sort- 
ing, verifying, comparing, correcting, repro- 
ducing and interfiling data. Six-page bulletin 
illustrates procedure, which will handle 6000 
to 12,000 cards per hour, and recommends it 
for production control, payroll and tax ac- 
counting, billing, and statistics preparation. 
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Study of Automating Plants 


T. A. B. Bugineers, Inc.—An engineering 
frm has published a concise, 4-page booklet 
to aid executives in understanding the current 
significance of automation and in determining 
whether their factories can be adapted to it. 
“Cut Costs with Automation’ discusses the 
history and evolution of automation, and 
contains a check list questionnaire to help 
evaluate reader’s own company, plant and 
product to determine the practicability there 
of automation or partial automation. 
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Magnetic Chucks and Devices 


Hanchett Magna-Lock Corp. Eight-page bul- 
letin describes entire line of chucks which 
offer larger magnetic surface, protection 
against moisture, maximum holding power, 
shock-proof construction, and electric control. 
Models include ‘‘supreme’’ for heavy machin- 
ing, ‘‘swiveling’’ for knife and shear biade 
grinding, ‘‘rotary’’ for automatic loading and 
unloading and all-purpose ‘‘universal.’’ Di- 
mensions, pictures and an inserted price list 
complete the bulletin. 


Circle No. 101 on Reply Card 


Computer Analysis of Instruments 


Beckman Instruments, Inc. — ‘*Computer 
Techniques in the Instrumentation Industries’’ 
is a 6-page bulletin covering use of analog 
computer in design and control problems of 
instrumentation. An explanation of techniques 
involved in dynamic analysis of an instrument 
in use with its associated equipment shows 
simulation of process control systems and 
use of analog computer. Galvanometer and 
process control simulation and an analysis 
of a motor controller are demonstrated. 
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Metallic Film Potentiometers 


Potentiometer Div., Fairchild Camera 4 In- 
strument Corp.—‘‘General Design and Per- 
formance Characteristics of Film Type Poten- 
tiometers,"" a paper presented at the 1954 
Biectronic Components Symposium, is avail- 
able to all interested engineers. Outstanding 
features of a metallic film type resistance 
slement in potentiometers include infinite reso- 
lution, high temperature operating capability, 
and a wide resistance range in small diameter 
units. 
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Automatic Filling Machines 


Perl Machine Manufacturing Co.—Four-page 
circular describes four different fully auto- 
matio Perl filling machines. Model ‘100’ 
does straight line bottle and can filling; 
model *105"" has output of 30 one-gallon 
cans per minute with eight valves. Features 
and pictures of machines are given. 


Circle No. 104 on Reply Card 


Telemetering Booklet 


Bristol Co.—Almost 100 photographs illus 
trate applications of a line of Metameter tele- 
meters to measurement and transmission of 
pressure, flow, liquid level, mechanical motion, 
electrical units and totalized power load in 
a 44-page booklet. Telemetering over tele- 
phone circuits, carrier current, and private 
wires is featured, as well as microwave, time 
multiplexing, end selective calling. Meta- 
graphic recorders and indicators for use as 
metameter receivers on graphic panels and 
consoles are included. 
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Standard Products 


Industrial Bngineering Corp. Bulletin covers 
three products in the instrument and test 
equipment field—test stands, test stand cab- 
inets and instrument panels and gage gards. 
Test stands have electric, pneumatic or hy- 
draulic schematic diagram of test unit shown 
in mimic symbols and colored tubing on in- 
strument panel. Construction details for vari- 
ous designs of cabinets are described in the 
six-page bulletin, along with those of gage 
gards which are designed to protect against 
over-range of pressure measuring systems 
from 20-in. to 10,000 psig. 
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Silicon Transistors 


Texas Instruments Inc.—Descriptive data 
sheets present mechanical and electrical data, 
and operating conditions for a medium power 
and two general purpose silicon transistors. 
Silicon models are said to offer higher power 
output and be more independent of ambient 
temperatures than germanium counterparts. 
New transistors operate up to 150°C with 
current amplification essentially independent of 
temperature change. 
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Cylinder Program 


Miller Fluid Power Co. Well-illustrated, 12- 
page booklet describes standardization of crit- 
ical cylinder mounting dimensions and stroke 
lengths, interchangeable mountings, complete 
line of bores, strokes and models for custom 
requirements and heavy duty cylinders—al) 
built for automation. Comprehensive drawings 
and tables demonstrate large degree of stand- 
ardization of critical mounting dimensions 
between various cylinder manufacturers, and 
internal fluid pressure stresses of essential 
cylinder components. 
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Automated Sheet Metal Handling 


Pried Steel Bquipment Mfg. Corp.—aA line 
of strip and materials handling devices for 
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Variable Speed Drive 


Speed Control Div., Fairchild Engine 4 
Airplane Corp. Attractive six-page bulletin 
describes Specon electrical differential drives, 
which maintain efficiency by keeping part 
of power flowing directly through the gears 
to the output shaft and maintain full-rated 
torque at all speeds including zero. Drive can 
be manufactured in any size required from 
fractional hp to several hundred hp. Bul- 
letin contains dimensions, ratings and color 
pictures of various models. 


Circle No. 110 on Reply Card 


Relays 


Magnecraft Electric Co.—Complete line of 
relays, including long and short form tele- 
phone type, sub-miniature, latching and low 
capacitance, and open, plug-in, hermetically 
sealed relays, is described with engineering 
and dimensiona! data in new catalog. 
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Instrument Control for Hopper Scale 


Richardson Scale Co.—A complete weighing, 
indicating and recording cycle is described in 
booklet on instrument system for use with 
hopper scales. System features interlocking 
switehes, time delay before full balance print- 
ing, partial draft printing, follower dial ac- 
curacy, and dust control provisions. Dimen- 
sional engineering drawing and table list- 
ing headroom requirements for hopper scale 
included. 
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Correction and Variable Transmissions 


Machine-O-Matic, Inc. Single unit variable 
and correction transmissions are the subject 
of a four-page bulletin which includes 
sketches, charts and diagrams. Units permit 
splitting of single tooth on a change gear, 
and act as vernier adjustment when used with 
other variable transmissions. Corrections trans- 
missions are designed to operate with elec- 
tronic controls. 


Circle No. 113 on Reply Card 


Ransomatic 


N. Ransohoff, Inc. Compact machine, the 
Ransomatic combines all necessary processes 
for efficient washing, pickling and neutraliz- 
ing of metal parts automatically prior to 
plating. Machine has vertical centrifugal pack- 
less pumps to minimize problem of pumping, 
cleaning, and pickling solutions, adjustable 
trunnions, chip baskets which strain all liq- 
uids, and requires only one sewer connection. 
Four-page bulletin includes diagrams and 
photographs of machine. 


Circle No. 114 on Reply Card 


Parts for Production Machinery 


4. & A. Mfg. Co.—Fourteen methods of 
fabricating pliable parts for automatic pro- 
duction equipment are illustrated in data 
sheet. These include dust covers, sleeves, boots, 
diaphragms, etc. Suggested materials are 
0.033-in. for high speed flexing purposes, 
0.050-in. for toughness or self-supporting 
rigidity, and solid neoprene block for shock 
absorption. 
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Pneumatic Controllers 


Fischer & Porter Co.—Stack type pneumatic 
controllers, for process variables such as flow 
rate, liquid level, viscosity, pressure, tem- 
perature, and vacuum, are illustrated with 
cutaway photographs, schematic diagrams, 
and dimensional drawings in a 12-page cata- 
log. Specifications, controller selection guide, 
controller response actions, and accessories are 
included. Units can be case, field, or valve 
mounted. 
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Automation In Industry 


Associated Metal Fabricators, Jersey Sheet 
Metal Products, Inc.—A study of increasing 
production efficiency and lowering costs 
through automation demonstrates latest pro- 
duction line techniques by a selection of mech- 
anized equipment. Booklet covers industrial 
racking equipment and special heavy duty met- 
al working machines. 
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Ledeen Valves 


Ledeen Mfg. Co. Line of standard, 4-way 
hand, foot, power and solenoid operated valves 
is the subject of a 16-page bulletin. Also 
discussed is a new line of pilot valves. Di- 
mensions and weights, application diagrams, 
circuit diagrams, parts list and accessories 
are covered. 
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Standard Tools and Blanks 


Firth Sterling, Inc. Comprehensive 36-page 
catalog gives grades, sizes, shapes, finishes, 
tolerances and price lists of Firthite standard 
blanks and tools. Among the blanks described 
are pointed and round nose tool tips; thread- 
ing, masonry, scraper, reamer, lathe and 
grinder center tips; solid disc and gage bush- 
ings. General purpose tools, mechanigript and 
mechaniclampt toolholders, boring tools and 
bits and others are also included, along with 
sketches of each. 
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Hydraulic Packing Protection 


Hydraulic Accessories Co.—‘‘Seal-Guards’’, 
metallic rod wipers, are installed on hydraulic 
packings to remove sand, grit, paint or chips 
before they reach internal hydraulic parts. 
Data sheet gives ordering information and 
installation instructions, as well as description 
and illustrations. 
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Knu-Vise Products 


Lapeer Manufacturing Co. Complete line 
of Knu-Vise products such as clamps, pliers 
and wrenches are outlined in this 26-page 
bulletin. Air-operated automatic clamps with 
toggle-bar forces up to a ton of pressure are 
covered. Clamps are designed for single in- 
stallations, multiple installations controlled by 
a single valve, and multiple installations with 
sequence valve. Bulletin includes specifica- 
tions, price list and pictures of models. 
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Chipless Machining 


Michigan Tool Co. New ‘‘chipless machin- 
ing’’ process for cold-forming splines, serra- 
tions and similar forms is outlined in four- 
page illustrated bulletin. Background of this 
new metalworking technique, called ‘‘Roto- 
flow’ is given, along with tooling, parts 
formed, automation of the cold-forming ma- 
chines, typical applications and design ad- 
vantages. 
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Standard Automation Units 


Wilson Automation Co. The concept of au- 
tomation and some of its standards units 
manufactured by Wilson are the subject of 
this 17-page bulletin. Units such as control- 
section transfer, gate transfer, turnover, 
lengthwise transfer and turnaround are pic- 
tured. A typical automation plant layout, 
which is included in a Wilson project study 
booklet is also shown. 


Circle No. 123 on Reply Card 


Auto-Typist 


American Automatic Typewriter Co. 
Pneumatically powered machine, which oper- 
ates both manual and electric typewriters au- 
tomatically is the subject of this 6-page bulle- 
tin. Auto-typist operates 2% times faster 


than human fingers by means of recording 
precomposed letters or paragrapns on & roll. 
Operator can select appropriate rolls, and 
insert personal data manually at any time. 


Circle No. 424 on Reply Card 


Industrial Relays 


Automatic Electric Sales Corp. Ten data 
sheets cover complete line of industrial re- 
lays which are plug-mounted for advantages 
in assembly, inspection, servicing and main- 
tenance. Dimensional drawings, wiring dia- 
grams and specifications for five different 
plug-mounted classes of relays are given. 


Circle No. 125 on Reply Card 


Turret Indexing Units 


Swanson Tool and Machine Products, Inc. 
Ten-page brochure describes turret indexing 
units which provide a completely self-contained 
turret chassis in a wide range of turret di- 
ameters, speeds and stations. Standard units 
with turret diameters of 20, 30, or 40 inches 
for mounting 16, 24, or 32 work stations, 
and with indexing rates from 547 to 4,700 per 
hour are available. Operational data, dimen- 
sional details, and sketches of various mod- 
els are included. 
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Repeat Cycle Timers 


A. W. Haydon Co. Information on new line 
of miniature hermetically-sealed repeat cycle 
timers is given in this bulletin. Cycling time, 
timing accuracy, detail characteristics and de- 
termination of timing tolerances complete the 
material. 
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Automatic Equipment Installations 


Bodine Corp. Twenty-eight page brochure 
describes 12 actual case histories of how 
Bodine automatic equipment is used by vari- 
ous manufacturers. Each history gives illus- 
trations of the machine involved and the part 
made, drawings of the sequence of operations, 
production capacity, specifications and other 
data. Machines in installations include auto- 
matic multi-spindle machines for drilling, tap- 
ping, milling, screw inserting and assembly 
of small parts. 
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Automatic Washer for Castings 


International Conveyor 4 Washer Corp.—An 
automatic indexing, fixture type, three stage 
industrial washing machine processes 400 cast- 
ings per hour, externally and internally, and 
maintains cleanliness of solutions automatical- 
ly. Four-page bulletin describes machine and 
its components, complete cleaning cycle, and 
gives specifications. 


Circle No. 129 on Reply Card 


Design of Special Purpose Devices 


Ram Meter, Inc.—Company specializing in 
design and manufacture of electrical, electro- 
mechanical, and electronic devices has pub- 
lished a 16-page illustrative bulletin setting 
forth a few of the special purpose items pro- 
duced for specific clients. These include a 
““sun’’ motor which operates on solar energy, 
remote control systems, thermoswitches, in- 
strument shunts, and accelerometers. 


Circle No. 130 on Reply Card 


Machine Tool Fixtures 


Swartz Tool Products Co.—‘‘Advancing Au- 
tomation’’ is title of a new 8-page bulletin 
describing company’s complete services to 
builders of machine tools, and its facilities 
for the design and construction of precision 
work-holding fixtures. Typical fixtures for 
standard, single station, rotary index, trun- 
nion index, and transfer machines are illus- 
trated with factual data on each. 
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ABSTRACTS 


DUAL FREQUENCIES 


FOR INDUCTION HEATING PROCESSES 


APPLICATION of induction heat- 
ing has sometimes been retarded 
because of the initial cost of the 
plant. In certain cases, particular- 
ly where through heating is re- 
quired, substantial economies can 
be secured by using two frequen- 
cies rather than one. In other 
cases, use of two frequencies makes 
it possible to do a better job or to 
accomplish a result that would not 
be possible with a single frequency. 

One of the outstanding charac- 
teristics of induction heating is 
the fact that there is no physical 
contact between the source of en- 
ergy and the work. Heat is actually 
generated in the work itself 
through operation of the alternat- 
ing magnetic field set up by cur- 
rent in the conductors supplying 
the energy. This alternating mag- 
netic field generates eddy currents 
which alone heat the work. Con- 
sequently, then, any study of in- 
duction heating from a theoretical 
point of view at least, must con- 
sider the performance and charac- 
teristics of such an alternating 
magnetic field. 

It can be shown that for solid 
materials which are to be heated 
throughout, optimum conditions 
are achieved when the effective 
depth of penetration of the mag- 
netic field is equal to about 20 
per cent of the diameter of a cy- 
lindrical part or 28 per cent of 
the thickness of a rectangular part. 
For this relationship the effective 
depth is considered to be a depth 
sufficient to accommodate the to- 
tal magnetic flux if uniformly 
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distributed at a concentration equal 
to that existing at the surface. 


Penetration 


Steinmetz has shown that the 
factors affecting this depth of pene- 
tration are: 

1. Frequency 
2. Resistivity 
3. Permeability 

With mild steel for example, a 
very large change in permeability 
occurs as it is heated. This change 
takes place at the Curie point, 
which is generally at about 1400 F. 
With the field strength commonly 
used in induction heating work, 
permeability may change from the 
order of 10 to 60 to approximate- 
ly 1. Consequently, it will be ap- 
parent that a frequency which 
would be ideal for temperatures be- 
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low 1400 F might be much too low 
when the steel had attained a tem- 
perature above this point. Changes 
in resistivity also occur whenever 
a metal is heated, but generally 
such changes are not sufficient to 
justify a change in the applied in- 
duction heating frequency. 
Obviously, in actual practice 
there is a fourth factor in addition 
to size, resistance and permeability 
that must be considered in the se- 
lection of the best frequency for 
a given job. That factor is cost— 
operating as well as first cost. 
With this in mind and considering 
through heating, as for the forg- 
ing of mild steel, it is generally 
found that when the part is six 
inches square or larger it is eco- 
nomically as well as_ practically 
feasible to heat it all the way to 
forging temperature, using 60 cy- 
cles only. So long as the part is 
magnetic it is equally feasible to 
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LL f LATE 
Two operators produce over 400 oil 
filters per hour with this compact Barnes 


BS 
Filter Assembly Machine. 
ie 


Oil Filter assembly production boosted from 125 to over 400 units per hour... 
that’s the result story of this Barnes Filter Assembly Machine now at work for 
a large farm implement manufacturer. And equally as important, a higher- 
quality, more uniform product is being obtained with only one-third the per- 
sonnel formerly required. 


Once again the wide experience of W. F. & John Barnes Process Equipment 
Division has enabled another manufacturer to substantially reduce production 
costs and improve product quality. This special machine is only one of many 
widely diversified types now successfully and profitably cutting costs and 
increasing production output in hundreds of plants throughout the country. 


Here at Barnes you'll find the varied engineering and creative skills, PLUS 
over 75 years of machine building background, to help you solve trouble- 
some production problems. And because all planning, engineering, and man- 
ufacturing efforts are closely coordinated, you have available a complete Axtfo- 
mation Equipment Service from one convenient and experienced source. 


ASK TO HAVE YOUR PRODUCTION METHODS ANALYZED 


Find out how these unique creative and specialized resources can help you cut 
costs. Your problem will be given expert and individual attention. 


GET THIS Free BOOKLET 


Write today for your copy of ‘Coordinated Creative 


Engineering and Manufacturing’ — a 32-page booklet 
of cost-cutting Automation Equipment ideas. 


F. & JOHN BARNES COMPANY 


PROCESS EQUIPMENT DIVISION 
SOUTH WATER STREET © ROCKFORD, ILLINOIS 
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apply 60 cycles directly if it is 
about 114-in. square or larger. 

Thus, in the range of sizes be- 
tween 1%4-in. square and 6-in. 
square, optimum conditions are 
achieved hy the use of two fre- 
quencies, one being 60 cycles to 
raise the temperature of the part 
to about 1300 F and the second, a 
higher frequency appropriate for 
heating the nonmagnetic steel to 
the desired final temperature. 


Steel Forging 


Consider for example a 3-inch 
square mild steel billet which is 
to be heated to forging tempera- 
ture. It would be entirely possible 
to do this job using, say, 600 cy- 
cles all the way. However, it would 
be more economical in first cost, 
and also in operating cost, to do 
the job with two frequencies. 

Sixty-cycle power could be used 
directly to heat this particular bil- 
let to approximately 1400 F, using 
the 600-cycle power only to take 
it from 1400F to final forging 
temperature which might be in the 
order of 2250 F. On this basis it 
would be found that one-half of 
the power could be applied direct- 
ly, thereby reducing by one-half 
the amount of equipment required 
to convert the power from the 60 
cycles to a higher frequency. Since 


the frequency-converting equip- 
ment is generally the most expen- 
sive part of any induction heat- 
ing installation, it would be ap- 
parent that this offers the possi- 
bility of a substantial saving in 
initial cost. 

While it is true that in some 
cases the 60-cycle coils are more 
expensive than coils of equivalent 
capacity and using a higher fre- 
quency, and while it is also true 
that the 60-cycle capacitors neces- 
sary for power factor correction 
are likely to be more expensive 
than the capacitors required for 
an equivalent job with higher fre- 
quency, these two items together 
do not approach the cost of the 
frequency-converting equipment. 


Operating Efficiency 


There would also be a net gain 
in over all operating efficiency. 
This gain is achieved for two rea- 
sons. First of all, with two fre- 
quencies, the plant would be op- 
erating both above and below the 
Curie point at approximately the 
optimum condition. Furthermore, 
only half the power has to be con- 
verted and consequently the con- 
version losses are reduced by a 
half. In this case, then, the dual 
frequency method provides a plant 
which is less expensive and more 
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efficient throughout its operating 
life. 

In one such dual-frequency in- 
stallation there are two lines, each 
line heating approximately 6000 Ib. 
of steel per hour. Power consump- 
tion as measured at the power com- 
pany’s meters, so that all losses 
for both conversion and transmis- 
sion are included, is approximately 
800 kw per line. Initial cost of 
the equipment was also very favor- 
able, being less than $125,000 per 
line completely installed and ready 
for operation. In this installation, 
3-phase 60-cycle power at the reg- 
ular plant voltage is applied di- 
rectly to the coils at the beginning 
of the heating line. These coils 
raise the temperature of the steel 
as it passes through them to ap- 
proximately 1400F. The second 
half of the line is supplied with 
power at 600 cycles and in these 
coils the work is raised to tem- 
perature of about 2200 F. A gen- 
eral arrangement of the setup is 
shown in Fig. 1. 


A somewhat unique application 
for dual frequency has been devel- 
oped for the heat treatment of 
shells. In this case it is necessary 
to bring the entire shell to a tem- 
perature of approximately 1550 F 
prior to quenching. Owing to its 
shape, with relatively thin walls 
and a thick solid base it was found 
to be impossible to achieve a uni- 


Fig. 2—Use of a dual-frequency heat treating 


system to achieve uniform temperature in 
work with varying cross-section 
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form temperature with a single 
frequency. However, by applying 
two frequencies, satisfactory re- 
sults have been achieved. In this 
case, 60-cycle power is used to 
bring the thin wall sections to ap- 
proximately 1400 F and to bring 
the thick base section to a some- 
what higher temperature. The sec- 
ond frequency was very carefully 
selected so that the heating effect 
was distributed between the thick 
base section and the thin walls in 
such a way that all parts reached 
a 1550F temperature uniformly. 
In this case, the heating was fol- 
lowed with an oil quench and a 
draw at approximately 1100F. 
Sixty-cycles only was found to be 
adequate for the draw operation. 
This installation has been in op- 
eration for nearly two years and 
the product has been remarkably 
uniform and satisfactory. This in- 
stallation is diagrammed in Fig. 2. 
From a paper entitled, “Process 
Applications For Dual-Frequency 
Induction Heating” presented at 
the Annual Meeting of ASTE in 
Philadelphia, April, 1954. 
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STEEL INDUSTRY is cognizant 
of changes and improvements in 
control that have taken place in 
the last decade. Most of these 
changes and improvements are 
really the application of new com- 
mercial devices that have been of- 
fered by the instrument manufac- 
turers or others alert to the pos- 
sibilities in instrumentation. No 
attempt will be made to describe 
these devices in detail. All are 
available commercially and com- 
plete descriptions may be obtained 
from the manufacturers or from 
the technical literature. At the mo- 
ment, these changes appear to have 
brought about an improvement in 
the quality of product, rate of pro- 
duction, and greater uniformity in 
the operation of the process. 

The chemical composition of the 
products of combustion, the flue 
gases, is of interest in the opera- 
tion of the open-hearth furnace. At 
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a certain stage in the melting proc- 
ess, considerable gaseous carbon 
monoxide, CO, is evolved from the 
bath. This gas is potential fuel 
provided that sufficient air is pres- 
ent at the time to burn it. To make 
this utilization requires a varying 
amount of combustion air, depend- 
ing upon the amount of oxygen 
present in the waste gases. This 
necessitates the continuous deter- 
mination and recording of this 
quantity. 

It would be highly desirable fur- 
ther to make this whole utilization 
of the CO an automatic procedure, 
by controlling the oxygen content 
of the waste gases through auto- 
matic adjustment of the fuel-air 
proportioning control by means of 
an oxygen analyzer working on the 
waste gases. Many such experi- 
ments have been and are being car- 
ried out. Considerable difficulty 
has been encountered in obtaining 
a cleaned sample of gas. The pres- 
ence of slag, scale, refractory ma- 
terial and dust in the waste gases 
plugs up the sampling tube in a 
short time, cutting off the supply of 
sample gas to the analyzer. 

At this time, at least two new 
types of sampling tubes are un- 
der test, both of which look prom- 
ising. In one of these installa- 
tions, the oxygen content of the 
waste gas has been controlled at 
a constant value of about 114-per 
cent for a period of several hours, 
which is certainly a step in the 
right direction. It appears to be 
only a question of time before it 
will be possible to install such con- 
trol on any open hearth furnace. 


Rolling 


To our knowledge, the only tem- 
perature information not now 
obtainable in the rolling process 
is the mill-finishing temperature 
on rod having a diameter less than 
3g-in. This is due to the fact that 
none of the radiation-sensing de- 
vices now manufactured will oper- 
ate satisfactorily on so small a 
target, allowing for some lateral 
motion of the rod being rolled at 
very high speeds. A number of 
ideas along this line have been 
tried, thus far with little success. 


In the continuous rolling strip, 
wired television has been used to 
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advantage in two mill locations. 
The operator who manipulates the 
equipment employed to charge 
slabs into the reheating furnaces 
is stationed in a pulpit centrally 
located opposite the charging end 
of the middle or second of three 
furnaces. He has no difficulty in 
aligning the slab to be charged into 
the middle furnaces, but the align- 
ment of the slabs entering the out- 
side or first and third furnaces re- 
quires the services of one or two 
extra men. To simplify this situa- 
tion, a kinescope has been set up 
at the charging end of each of 
these outside furnaces so that the 
outside end of the charging line 
of the slabs is in view of the scope. 
These two scopes are connected 
to two monitors or screens placed 
in front of the operator in the pul- 
pit. Every movement of the slab 
is plainly visible to him, and rapid 
alignment of the slab for charging 
is brought about. 

The second location in which 
wired television is used on the strip 
mill is near the center of the run- 
out table, between the finishing 
stand of the mill and the coiler, 
where the hot-rolled strip is wound 
up into large coils. The strip leaves 
the finishing stand of the mill at 
a rate of about 2000 fpm and ap- 
proaches the coiler at this same 
rate. A kinescope erected above 
the roll table and sighted towards 
the coiler is connected to a monitor 
in an adjacent pulpit. 


Here the operator of the last 
stand screw-down controls is able 
to correct any tendency of the strip 
to camber or move out of align- 
ment with the coilers. By watching 
his monitor and the image of the 
moving strip, he is able to make 
the strip enter the coilers squarely 
and in line throughout its entire 
length. This prevents cobbles and 
uneven coil sides which minimizes 
scrap coils and down time on the 
mill. 

The matter of continuous gaging 
on the strip mill had been a serious 
problem until the last two or three 
years. Several years ago, thickness 
measurements were made with 
hand micrometers either on small 
pieces cut from the strip or on the 
edge of the strip, with the strip 
held stationary in the mill. Later, 
contact gages of the magnetic or 
solenoid type improved the situa- 


tion. With these, continuous meas- 
urements were possible, but be- 
cause of the vertical motion of the 
strip, the measurements were not 
as accurate as desired. With the 
advent of the X-ray gages a solu- 
tion was found. 


While these gages are expensive 
and require considerable mainte- 
nance, they are very accurate, non- 
contacting, and their accuracy is 
not affected by slight vertical mo- 
tion of the moving strip. Until very 
recently, these X-ray gages re- 
corded only the plus or minus de- 
viation from the desired thickness. 
The necessary adjustments were 
made manually by one of the mill 
operators. 


Very recently, experiments have 
been made in which the X-ray gage, 
in addition to recording the devia- 
tion in thickness of the strip, has 
been connected through accessories 
to the screw-down drive on the fin- 
ishing stand on the mill, and the 
compensating adjustments are 
made automatically. The system 
is not completely satisfactory since 
two screw-downs are involved to 
prevent camber but is very promis- 
ing. With some changes and con- 
tinued experience it seems only a 
question of a short time until this 
problem is solved. 

One of the newest electronic de- 
vices to find its “place in the sun” 
around the hot-strip mill is a width 
gage. This instrument has two 
scanning heads, the desired width 
of the strip, is adjusted manually 
by the operator. The width gage 
then indicates and records any de- 
viation in this distance to a very 
small fraction of an inch. Thus 
far, width adjustment jn the strip 
is not made automatically but here 
again it seems to be only a ques- 
tion of development. 


Finishing 


In our present economy, much of 
the hot-rolled steel such as strip 
must be treated further to fit the 
consumers’ needs. It may be an- 
nealed, blued, tinned, cold-reduced, 
cold-rolled, or receive heat treat- 
ment to change its physical prop- 
erties or characteristics. It may 
be annealed or softened either as 
coil or in the flat condition. Until 
a very few years ago, sheet and 
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strip annealing was done in batch- 
type furnaces, and much of it is 
still done in that manner. Within 
the last four years, however con- 
tinuous annealing has been intro- 
duced in several plants in this coun- 
try. This requires a furnace of 
tremendous size, approximately 250 
ft long and 60 ft high with pits 
36 ft deep. Roughly 1500 ft of 
strip are in the furnace at one 
time, moving at rates up to 1000 
fpm. That means that the strip 
is heated to more than 1300F and 
cooled at the proper rate back to 
a bit over room temperature in 
about 2 minutes. Part of this cycle 
is carried out in a special gaseous 
atmosphere that will preserve the 
bright finish on the strip. All of 
this requires extremely effective 
rapid control of speeds, tempera- 
tures, cooling media, tensions, and 
atmospheres. 

The tin plate which is used by 
the canning industry, either for 
foods or for other products, is 
made by two methods. Approxi- 
mately one-quarter of the total ton- 
nage is made by the hot-dip proc- 
ess, which has been used for many 


years. In the beginning separate 
sheets were dipped by hand into 
molten tin. This dipping is now 
done mechanically by feeding the 
individual sheets through a bath 
of molten tin, then through a bath 
of molten palm oil to freeze the tin 
remaining on the sheet and finally 
through a shower of bran to re- 
move the excess palm oil. Very 
few new controls have been applied 
to this process for some time. 

The other three-quarters of the 
tin-plate tonnage is manufactured 
by electrolytic means; that is, the 
tin is electroplated upon the strip 
as it passes through a liquid plat- 
ing bath at a fairly high rate of 
speed. In this electrolytic process 
a number of variables, such as 
speed of the strip, temperature and 
concentration of the chemical plat- 
ing bath, and so on, are all con- 
trolled either automatically or 
semiautomatically. This type of 
plate may have a normal or a very 
thin coating of tin, which can re- 
sult in a large saving of that some- 
times very scarce material. 

This plate is made in a continu- 
ous process and before removal 


frora the tinning line the large 
coils pass through another type of 
machine where these coils are cut 
at a very high rate of speed into 
individual sheets by a rotating 
shear. As the pieces leave the 
shear, each piece passes another 
electronic device, which counts and 
records the number of pieces so 
that an exact number may be placed 
in packages for shipment. All tin 
plate must be examined for small 
holes and other such imperfections. 
This is done automatically and con- 
tinuously by special electronic de- 
vices. 

These machines not only will 
detect the presence of small im- 
perfections but will extract auto- 
matically the imperfect plate from 
the line and place it in the scrap 
bin. The amount of coating on such 
electrolytic tin plate is very thin, 
as little as 0.00003-in. thick, but 
even this thin coating is controlled, 
by the use again of X-ray gages. 
These measurements are exceeding- 
ly accurate and are made very 
rapidly so that the process is al- 
ways under excellent control. 


For the fabrication of such 
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things as automobile bodies and 
other so-called deep-drawn articles, 
steel sheet must be specially pre- 
pared. To obtain the proper phys- 
ical characteristics and to prepare 
a very smooth surface for paint- 
ing, such sheets are cold-reduced; 
that is they are rolled to a thinner 
gage at room temperature or 
slightly above. 

During this cold reduction the 
sheet also is extended in length. 
In fact, this extension is a measure 
of the amount of cold reduction. 
Here automatic electronic equip- 
ment again comes into use. The 
pressure of the cold-working rolls 
and the amount of elongation or 
extension of the sheet are meas- 
ured with extreme accuracy. The 
exact thickness or gage of the 
sheet or strip is measured with 
an X-ray, a device very much 
similar to the one used in meas- 
uring the gage of the hot-rolled 
strip mentioned previously. Here 
again, recent experiments have 
been made in which the thickness 
of the sheet is adjusted automatic- 
ally by the X-ray gage with the 
use of auxiliary equipment. These 
experiments are even farther along 
than those in the hot-rolling proc- 
ess and are very promising. 


In the foregoing discussion, no 
attempt has been made to cover 
all of the new devices or new ap- 
plications in instrumentation that 
have been used in the steel indus- 
try during the last ten years. To 
do so would take far more than 
the time allotted here. The almost 
phenomenal increases in produc- 
tion rates have made the use of 
manual controls almost obsolete. 
One strip mill alone increased its 
output from about 1,700,000 tons 
in 1949 to more than 3,000,000 
net tons in 1953. The use of multi- 
ple fuels on heating furnaces has 
complicated the control problem 
further, particularly in metering. 
Increases in the physical size of 
the plants themselves have neces- 
sitated the use of considerable tele- 
metering, and so on throughout 
the whole steel process. The few 
items mentioned have been those 
which seem to stand out in their 
effectiveness, enough to deserve 
specific consideration. 


From a paper entitled, “Ten 
Years of Progress in Instrumenta- 
tion in the Steel Industry,” pre- 
sented at the Instruments and Reqg- 
ulators Conference of ASME in 
Philadelphia, Sept. 1954. 


UNIFIED APPROACH TO REGULATING SYSTEMS 


FIRST extensive application of au- 
tomatic control was to a speed- 
regulating system—the governor 
designed by James Watt to con- 
trol his steam engine. A century 
passed before Clerk Maxwell pub- 
lished the first mathematical study 
of governors and their stability. 
It was almost half a century later 
still that Nyquist and his associ- 
ates devised the more powerful 
methods of frequency-response an- 
alysis for the treatment of such 
systems. 

These methods were applied 
originally to feedback amplifiers 
and position-control systems, rath- 
er than to the design of regulators, 
which are defined in this paper ac- 
cording to British practice as con- 
trol systems which maintain auto- 
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matically at a fixed value the mag- 
nitude of some variable (usually 
engine or turbine speed) against 
relatively high-frequency disturb- 
ances. Meanwhile another group 
of engineers had been using au- 
tomatic devices to control process- 
es, and had arrived at some of 
the same design methods by a 
different route and disguised un- 
der a completely different termi- 
nology. 


Recent Trend to Mathematics 


Until comparatively recently 
governors and process controllers 
were. designed without any detailed 
analysis of their action when con- 
sidered as part of a closed-loop 


system. This was possible because 
the control required of them was 
not to very close limits and be- 
cause they did not need to be par- 
ticularly quick acting; that is, they 
did not have to respond to high 
frequencies. As the performance 
demanded becomes more exacting, 
however, and the sensitivity of 
the control is correspondingly in- 
creased, a stage is reached where 
self-oscillation of the system oc- 
curs. To obtain close control while 
avoiding the onset of such instabil- 
ity, a mathematical investigation 
becomes an essential preliminary 
to design, for only by this means 
it is possible to meet more stringent 
specifications. 

Such analysis cannot, of course, 
replace the development stage of 
a design, but it guides and supple- 
ments it. Frequency-response meth- 
ods not only enable the designer 
to estimate the performance of a 
proposed system, which is the nor- 
mal function of analysis; they al- 
so can assist him, to some extent, 
in the far more difficult problem 
of synthesis which aims to provide 
means for designing a system to 
meet a given specification. They 
even may go a step further and 
indicate the best performance ob- 
tainable within given physical and 
economic limitations. 


Fundamental Methods 


The present situation is that 
analytical methods for linear and 
quasilinear systems have oustripped 
practical development in all but 
the most advanced designs. The 
mathematical tools available to the 
designer are thus sufficient to en- 
able him to make a full analysis 
of a linear control system provid- 
ed that he can determine the nec- 
essary characteristics of its ele- 
ments. 


The latter is one of the stum- 
bling blocks which current research 
aims to remove. However, all en- 
gineers concerned with control 
systems will not be able to derive 
the full benefit from these power- 
ful methods until it is generally 
appreciated that many of the prob- 
lems faced by these different 
groups are fundamentally similar 
and that consequently, the same 
methods are suitable for their solu- 
tion. 
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Mathematical techniques _ pro- 
vide just such a unifying basis, 
for they undoubtedly can lead not 
only to a uniform and rational ap- 
proach to control problems, but al- 
so to a consistent nomenclature, 
based on the mathematical proc- 
esses involved. This process of uni- 
fication might be compared with 
that successfully achieved by the 
early chemists in bringing order 
out of the work of their alchemist 
predecessors, who used half a doz- 
en different names for the same 
substance, according to the way it 
happened to have been made. 


Stages of Analysis 


This approach, common to the 
study of all closed-loop systems, di- 
vides sharply into three stages. 
The first is the description of the 
physical system by means of a 
block diagram and transfer-func- 
tion technique. The transfer func- 
tion of an element describes con- 
cisely its frequency-response char- 
acteristics. If small disturbances 
about an equilibrium position of 


the system are to be considered, it 
is possible to use a linearizing tech- 
nique for some of the nonlinear 
elements. 

After analytical expressions have 
been derived for the transfer func- 
tion of every element, an equation 
of motion for the system can be 
written down. It often happens in 
practice that the frequency re- 
sponse of an element is known only 
empirically. In such cases, either 
the best mathematical approxima- 
tion may be taken as the transfer 
function or the available harmonic- 
response locus may be used direct- 
ly without determining analytically 
an explicit equation of motion. 

The next stage of this unified 
approach is the analysis of the in- 
formation thus obtained. This en- 
ables one to predict the response 
of the system to various typical 
disturbances and thus to compare 
its performance with that of other 
systems, by applying suitable (or 
mathematically convenient) crite- 
ria. This completes the process of 
analysis. The final stage is syn- 
thetic; methods are available for 
altering the coefficients and form 
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of the equation of motion in such 
a way as to improve the perform- 
ance of the system. This process of 
adjustment will present consider- 
ably greater difficulties in its ap- 
plication to some systems than to 
others, but it is inherent in all ra- 
tional design. 

All control systems are governed 
by equations of motion which are 
liable to become _ inadequately 
damped or even unstable for cer- 
tain values of the system para- 
meters. Therefore there is no fun- 
damental objection to the use of a 
uniform approach, both for ob- 
taining the equation of motion and 
for its analysis. 


Process and Position Control 


In process control the main 
problems consist in finding an ade- 
quate representation for the be- 
havior of the load and the practical 
difficulty of making a measure- 
ment of the value of the controlled 
variable, which will permit a direct 
comparison with its desired value. 
Various delays are usually involved 
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in the latter process, which must 
vitiate the performance of the sys- 
tem as a whole. The time constants 
of the load and of the disturbances 
are, however, relatively arge when 
compared with those of the con- 
trolling mechanisms, so that in- 
ertia in the controlling apparatus 
is of secondary importance and the 
speed of response need not be 
pushed to the limit. 

In position control, on the other 
hand, the system must respond to a 
rapidly fluctuating input signal 
and, the sensitivity of the control 
being correspondingly high, the 
time lags in the servomechanisms 
are vuften the dominating factor. 
In addition, the control must at- 
tempt to distinguish between gen- 
uine input signals, requiring mo- 
tion of the load, and spurious sig- 
nals, usually of high frequency, 
superimposed upon them. 

Speed regulation involves some 
of the problems of each of these 
fields. The response must be rapid, 
so that the sensitivity must be 
high and the considerable diffi- 
culties involved in the rapid meas- 
urement of speed, together with 
the delays inevitably associated 
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ANYONE associated with the iron 
and steel industry knows that when 
steel mill equipment is purchased 
it almost invariably represents the 
most modern equipment available 
to perform the function for which 
it has been purchased. Emphasiz- 
ing this is the increased use of 
magnetic amplifiers on suitable 
regulating system applications. 
Perhaps the most notable of the 
new applications of magnetic am- 
plifiers is their use as the complete 
generator regulation and excita- 
tion components of tandem cold 
strip mill control. 

Early this year, a 66-inch wide 
four-stand tandem mill was put in- 
to service at the Allenport plant of 
Pittsburgh Steel Co. The mill, hav- 
ing a nominal delivery speed of 
3190 fpm, has a total stand and 
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with the changing of the engine- 
power output, are apt to lead to 
instability. 

Until quite recently the problem 
of speed measurement has occu- 
pied too important a place in the 
minds of those concerned with en- 
gine governing. This is even more 
true of the textbooks at present 
available, which are concerned ex- 
clusively with the properties of 
governors and are almost regard- 
less of the fact that the governor 
is only the measuring element in 
a complete closed-loop system. The 
emphasis, happily, is now shifting 
to the wider outlook. 


Results of Basic Approach 


The design of automatic pilots 
for aircraft affords an interesting 
example of a control with the dom- 
inant characteristics of a regulation 
problem, which has been handled 
successfully by the techniques 
normally reserved for position con- 
trol. Nothing but good has come 
from this fusion of ideas. 

These minor distinctions between 
the problems confronting control 
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reel connected horsepower of 17,- 
700. Individual generators supply 
power to each stand and reel. 

The voltage of each stand gene- 
rator is matched to a common ref- 
erence bus through a 400-cycle 
magnetic amplifier voltage regulat- 
ing system. Any difference be- 
tween generator and reference volt- 
ages will cause a corrective signal 
in the control winding of the regu- 
lator. An JR drop magnetic am- 
plifier introduces a compensating 
signal into the control circuit to 
compensate for stand motor IR 
drop. 

The ordinary run of magnetic 
amplifier applications utilizes a 60- 
cycle, ac supply system. But the 
fast response and high accuracy re- 
quirements of the tandem mill 
regulating system led to the devel- 











engineers in the various fields can 
no longer justify the radically dif- 
ferent terminology which they 
still normally adopt. Progress in 
the past might have been more 
rapid had those concerned appreci- 
ated, for example, that an “inverse 
Nyquist diagram” and a “Poten- 
tial correction curve’ are essen- 
tially the same thing. It is time for 
general replacement of such primi- 
tive expressions as “temporary re- 
turn motion,” “transient reset” 
and “proportional bandwidth.” 

Only when the ground has been 
cleared in this way will engineers 
be in a position to make full use 
in their own particular field of the 
various techniques for analysis and 
synthesis which have been devised 
during the last decade. Standard 
glossaries of terms, collating the 
different usages, already have been 
prepared both in Great Britain and 
in the United States. 


From a paper entitled “Analysis 
of Regulating Systems with Par- 
ticular Reference to Speed Con- 
trol’ presented at the Annual Meet- 
ing of ASME in New York, Nov.- 
Dec. 1953. 





J. C. PETH 
Pittsburgh Steel Co. 
Monessen, Pa 


opment of a 400-cycle magnetic 
amplifier tandem mill control. 
Since the response time of the mag- 
netic amplifier is inversely propor- 
tional to the supply frequency, the 
advantage of the 400-cycle system 
can be readily appreciated. 

The performance of the Pitts- 
burgh Steel tandem mill and the re- 
sults of extensive computer studies 
and factory tests have served to 
point out the improvements result- 
ing from the complete use of mag- 
netic amplifier regulating systems 
on tandem cold strip control. 


From a paper entitled “Opera- 
tion of Magnetic Amplifier Con- 
trolled Tandem Mills” presented at 
the Association of Iron and Steel 
Engineers Convention in Cleveland, 
Sept. 1954. 
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NEW BOOKS 





PRACTICAL DESIGN GUIDE 


By R. A. Rinehuls; 132 pages, 8% by 11 inches; 
published by Pelex Publishers Inc., New York; avail- 
able from AUTOMATION, $3.50 postpaid. 


A reference guide for anyone developing labor sav- 
ing devices, this book serves as a collection of referral 
notes, sketches and suggestions. Drawings refer main- 
ly to subjects on pneumatics, electrical control cir- 
cuits and special feeds. 

Material on pneumatics shows how to make appli- 
cations with air, what valves are available commer- 
cially, how they operate and how they are used in 
practical circuits. Also included, is information per- 
taining to air applications. 

Electrical circuit section shows control circuits 
which can be combined or modified to serve almost 
any need. Data on motors, drives and special appli- 
cations is also given. Sections on indexing, cams and 
feeds give detailed informatitive material. 


SERVOMECHANISMS 


By John C. West, lecturer in electrical engineering, 
University of Manchester; 230 pages, 542 x 7%, cloth- 
bound; published by Macmillan Co., New York; avail- 
able from AUTOMATION, $5.00 postpaid. 


Increased use of automatic control systems in in- 
dustry, scientific research, and the Armed Forces has 
made a basic understanding of servomechanisms a 
necessity for large numbers of engineers in diverse 
fields. Consequently, this book is written for the un- 
dergraduate engineering student and assumes a stand- 
ard of mathematics about that of a first-year uni- 
versity course and an elementary knowledge of elec- 
tronics. Subject is developed from examples, and in 
all cases new ideas are introduced by dealing with 
a particular case before proceeding to the generalized 
principles. For this purpose, a simple model is de- 
scribed in the text, and is used as an example through- 
out the book. Scope includes principles of automatic 
control and design techniques used in these systems. 


FLOW AND FAN 


By C. Harold Berry, professor of mechanical engi- 
neering, Graduate School of Engineering, Harvard Uni- 
versity; 222 pages, 5% x 8%, clothbound; published 
by the Industrial Press, New York; available from 
AUTOMATION, $4.00 postpaid. 


Principle of moving air or any gas through ducts 
or flues is discussed so that elementary and advanced 
students as well as practicing engineers may have a 
text and ready reference on the subject. Presentation 











is based on lecture notes compiled for a course offered 


at Harvard University to various groups of students 
in engineering or hygiene fields interested in ventila- 
tion either. to reduce industrial hazards or promote 
comfort. Object of the text is to present a statement 
of the data needed and methods used in finding the 
aggregate resistance of a system and to help in the 
practical task of selecting a fan for a given duty. 







DIELECTRIC MATERIALS AND APPLICATIONS 


Edited by Arthur R. von Hippel, professor of elec- 
trophysics and director, Laboratory for Insulation Re- 
search, MIT; 425 pages; 8% x 11, clothbound; co-pub- 
lished by Technology Press of MIT and John Wiley & 
Sons Inc., New York; available from AUTOMATION, 
$17.50 postpaid. 


Drawing on the knowledge and experience of 22 
experts from science and industry, this volume pre- 
sents an interdisciplinary approach to dielectrics. 
Edited and unified for maximum usefulness, it pro- 
vides the scientist and engineer, manufacturer and 
actual user of dielectrics with fundamental and prac- 
tical knowledge. 

Book opens with a section devoted to theory-estab- 
lishing a scientific background of language and ideas. 
Variety of methods and techniques are then described 
for measuring permittivity and permeability in a fre- 
quency range from zero to approximately 3 x 101° 
cps. Succeeding sections offer a detailed account on 
dielectric materials and applications together with 
their properties and limitations. 


Government Publications 


The Split-Feedback Push-Pull Magnetic Amplifier. 
Report PB113572 by Office of Nawal Research; 70 
pages; available from Library of Congress, Publica- 
tion Board Project, Washington 25, D. C.; $3.25 per 
microfilm, $9.00 per photostat. 


Significant advantages are claimed for a new ac 
phase-sensitive (push-pull) magnetic amplifier de- 
scribed in this report. Feedback windings in the new 
circuit are split and arranged so that amplification 
is high when load current flows and is low when there 
is no load current. Its principal advantage over the 
voltage doubler push-pull magnetic amplifier is said 
to be its low circulating currents which have a maxi- 
mum rectified average value of one-half the maxi- 
mum load current. 


Materials Suitable for Sound Applications; 1. Ultra- 
sonic Velocities and Impedances of Selected Liquids. 
Report PB 111234 by Nawal Research Laboratory; 44 
pages; available from Office of Technical Services, 
U. 8. Dept. of Commerce, Washington 25, D. C.; $1.25. 


Designed to aid Navy sonar and laboratory sound 
research, findings of this investigation include the 
lowest and highest sound velocities yet reported in 
any liquid in the normal temperature range. Of spe- 
cial significance is the finding of liquids that more 
nearly match velocity and impedance characteristics 
of sea water than any previously used. Results of 
tests with a number of commercial dielectric liquids 
and aqueous solutions are presented and the fluids 
are classified according to their potential use in sound 
research. Improved instrumentation and equipment de- 
veloped especially for this study is described. 
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PEECO’S 
ata Le 


small 
parts 
seenaieens 


INHERENT TO UT 


PEECO engineered cast Bowls scientif- 


icalles6ive small parts feeding problems. 
{ grmte parts flowing to automatic opera- 


tions ar®yedsily regulated to production 


speeds” ith PEECO engineered parts 

] feeders PEECQO/single or multi-track engi- 
} negred/howlsy safely select, reject, and 

! ingspectpagts’without damage or jamming. 
You'll likejto do business with PEECO. In- 
sigt on\a PEECO parts feeder— it's engi- 
néered.-Write for catalog, ‘“Operation— 


ae 


Automation. 


Small parts feeding is PEECO’S business—not a side line. 


PERRY EQUIPMENT & ENGINEERING CO. 


3125 BRANDES ST., ERIE, PA. 


ENGINEERS 


AVAILABLE OR WANTED 


AUTOMATION ENGINEERS WANTED—Send 
experience resumes to Research & Development 


Corp. of America, Corry, Pa. 


CLASSIFIED RATES 


Position Available, per word, per insertion.... 


Minimum $10.00 (permits 50 words) 


Position Wanted, per word, per insertion 


Minimum $3.00 (permits 30 words) 


Box number counts as 1 line or 8 words. 





INFLUENCES in the 
ADOPTION of AUTOMATION 


ADMINISTRATIVE, PRODUCTION, & ENGINEERING MANAGEMENT 


1. Evaluates automation. 4. Plans for automation. 
2. Investigates automation. 5. Organizes for automation. 
3. Decides on automation. 6. Initiates automation. 


PLANT 
DESIGN | ENGINEERING 


ENGINEERING 
~~ Selects, Specifies 
Selects, Specifies ’ 
and Uses AUTOMATION and Uses 
Machines, Systems, 
Parts, Components, Eaui 
Sub-Assemblies quipment, 
Components and 
Sub-Assemblies which 
include one or a 
combination of the 
following 


and Equipment 
heii Mae aie os RESULTS: Lower unit costs, higher 
6 enitiien at he quality, faster service, up-graded la-. 
following bor, sustained or increased profits, 
higher standard of living. 


SENSING AND 
HANDLING 
MEASURING DEVICES 
DEVICES 


Automation is the science of manufacturing, OOvVOOOowWIoOo 


i formi i tomaticall 
processing or performing services as automatically a Pastan, Hadad 
as possible within the limits of economic feasibility. 
PENTON BUILDING, CLEVELAND 13, OHIO 
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@ A Hefty Assist to Automation 
@ Fully Enclosed 


@ Integral Junction Box 


The Valvair line broadens again — 
with Speed King’s exclusive features. 
All parts are totally enclosed. The 
Speed King will operate submerged 
in water or buried in sand. Simpli- 
city! — only two moving parts. Mold- 
ed coil—no wear or shorting out. 
20,000,000-cycle life and more. 
Speed King is industry’s most rug- 
ged and compact valve. 


Other features: for pressures from 35 to 
200 p.s.i. pneumatics, hydraulics, vacuum; 
complete line—2-way, 3-way, 4-way and 
4-way-5-port (2-pressure) models; foot or 
sub-base (manifold) mounting; pipe sizes 
—"%", Ye", Yr", %", and 1". 


Ask for Bulletin “A-11" 


: ; Affiliate: Sinclair-Collins Valve Company 


BROOKLYN ¢ BUFFALO e CHARLESTON, W. VA. e CHICAGO 
CLEVELAND e CRANFORD, N. J. © DAYTON e DENVER 
DETROIT e EUREKA, CALIF. ¢ GLENSIDE, PA. e HOUSTON 
KANSAS CITY,MO. e LOGANSPORT, IND. e¢ LOUISVILLE 
MILWAUKEE ¢ MINNEAPOLIS @ PASADENA e¢ PITTSBURGH 
PORTLAND ¢ ST.LOUIS «© SAVANNAH e SEATTLE 
MONTREAL ¢ TORONTO @ VANCOUVER 





Here’s practical 
automation in action 








MECHANICAL AND HYDRAULIC PRESSES AND PRESS BRAKES . TRANSMAT PRESSES . MC aL Te a TPM GBS LIL bY e  VERSON-WHEELON HYDRAULIC PRESSES 


